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ABSTRACT 


In  1982,  a  study  was  initiated  by  the  International  Association  of  Fire 
Chiefs  to  determine  the  current  relevance  of  the  Gage-Babcock  system  for  local 
assessment  of  the  conflagration  potential  of  urban  areas.  Hiis  assessment 
tool  has  been  used  as  one  evaluation  method  for  determining  potential  for  a 
devastating  fire  under  vartime  conditions  in  individual  urban  structural 
blocks.  The  assessment  process  assumes  that  an  ignition  takes  place  in  any 
urban  block  v^re  50  percent  of  the  land  is  built  upon.  A  numerical  block 
rating  is  determined  through  a  quantitative  process  to  establish  a  relative 
measure  of  conflagration  potential  given  a  set  of  assumptions  clearly  defined 
in  the  assessment  methodology. 

This  new  study  is  concerned  with  the  validation  of  the  block  assessment 
program,  and  the  necessity  to  develop  an  alternative  approach  to  block  risk 
analysis  that  may  be  used  to  predict  the  relative  potential  for  mass  fire 
spread  after  ignition  from  a  source  not  connected  with  wartime  causal  factors. 

An  extensive  literature  search  concerning  both  the  concept  and  the 
methodology  of  the  Gage-Babcock  block  rating  analysis  strongly  suggests  the 
need  for  modifying  the  numerical  parameters  associated  with  some  of  the 
functional  analysis  items. 

A  revised  block  rating  methodology  has  been  constructed  based  on  the 
literature  search  findings.  In  contrast  to  the  original  block  rating 
analysis,  the  revised  block  rating  method  gives  new  treatments  to  the 
following  analysis  factors: 

1.  The  fuel  load  and  fire  severity  in  compartments; 

2.  Perimeter  building  well  construction;  and 
Roof  coverings  and  roof  construction. 
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However,  the  basic  concepts  of  analysis  used  in  the  original  block  rating 
method  appear  basically  sound  for  the  purpose  of  assessing  mass  fire  potential 
in  urban  blocks  under  the  condition  of  a  well  developed  structural  fire. 

An  initial  validation  study  of  both  the  original  block  rating  methodology 
and  the  revised  block  rating  methodology  was  conducted  during  the  summer  and 
fall  of  1982.  Three  separate  studies  were  conducted  using  senior  fire 
protection  engineering  students  from  the  University  of  Maryland;  fire  officers 
from  the  Alexandria,  Virginia,  Fire  Department  and  selected  emergency 
management  personnel  from  the  Washington,  D.C. ,  Council  of  Governments  area. 

On  the  basis  of  the  validation  program,  a  number  of  significant 
refinements  and  component  changes  were  made  to  the  local  assessment  method  for 
measuring  mass  fire  spread  potential  in  urban  blocks,  "rtie  validation  program 
also  suggested  the  need  for  expanding  the  study  methodology  to  include  a  local 
assessment  method  for  measuring  fire  spread  potential  between  urban  blocks.  A 
second  study  phase  was  initiated  in  1983  to  accomplish  this  task. 

A  new  guide  was  prepared,  focusing  on  the  probability  of  fire  spread 
between  urban  blocks,  following  a  new  literature  search  on  the  measurable 
effects  of  fire  spread  between  structures  separated  by  a  defined  gap  or  space 
interval.  The  developed  methodology  builds  on  the  quantitative  analysis 
developed  for  the  mass  fire  ^read  potential  in  urban  blocks.  A  probability 
factor  of  fire  spread  measure  between  blocks  is  introduced  into  the 
methodology  based  on  street  gap  or  open  area  width,  building  height  ratios, 
exterior  wall  surface  treatment,  and  selected  wind  factors. 

In  late  1983  auid  early  1984,  a  new  round  of  studies  was  conducted  to 
validate  both  phases  of  the  described  study.  These  studies  were  conducted  in 
Atlantic  City,  New  Jersey;  Louisville,  Kentucky;  and  Syracuse,  New  York.  A 
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conplete  analysis  of  the  validation  study  process  is  presented  in  the  primary 
study  document.  However,  the  following  conclusions  are  important  to  the  study 
process  findings. 


The  block  rating  concept  for  quantifying  the  mass  fire  spread  potential 
in  urban  blocks  and  fire  spread  potential  between  urban  blocks  provides  an 
important  urban  administration  tool  for  the  following  applications: 

1.  Determining  the  relative  fire  spread  potential  within  selected  urban 
block  configurations; 

2.  Determining  the  relative  probability  of  fire  spread  between  urban 
blocks  given  a  well  developed  fire  in  a  single  block; 

3.  Determining  different  quantitative  indicators  for  fire  demand  zone 
(FDZ)  identification;  FDZ  identification  can  be  used  to  - 

a.  Assess  equipment  and  personnel  resource  requirements, 

b.  Designate  adaptive  response  criteria,  and 

c.  Establish  public  awareness  on  the  potential  threat  of  fire 
development  in  urban  block  areas  of  a  given  city; 

4.  Determining  the  fire  safety  impact  of  urban  renewal  efforts  through 
the  assessment  of  "before"  and  "after"  results  of  structural-occupancy 
changes ; 

5.  Determining  structural  condition  risk  assessments  as  an  alternative 
to  the  disbanded  coimunity  structural  gradings  provided  by  the  Insurance 
Services  Office,  and 

6.  Determining  the  relative  structural  risk  potentials  in  a  conmunity 
on  a  quantitative  base;  this  type  of  risk  assessment  appears  to  be 
especially  useful  for  - 
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a.  Fire  officer  education  £uid  development  at  the  National  Fire 
Academy  in  the  area  of  risk  management  and 

b.  The  integrated  emergency  management  system  (lEMS)  approach  to 
eiiergency  jareparedness  for  considering  the  evacuation  requirements, 
communicaton  needs,  emergency  direction  and  control,  continuity  of 
government,  resource  management,  and  law  and  order  in  the  event  of  a 
conflagration. 

The  positive  indicators  listed  above  are  tempered  by  an  identified  list 
of  concerns  pertaining  to  both  phases  of  the  stated  study.  These  concerns 
appear  as  follows: 

1.  Both  methodologies  are  very  time  consuming  and  aure  labor  intensive 
because  of  the  large  number  of  calculations  that  must  be  completed  for  a 
single  block  rating  analysis  of  mass  fire  potential; 

2.  The  method  of  computing  fire  spread  between  block  areas  is 
excessively  complex  in  the  present  form  for  the  intended  purpose  of  a 
local  assessment  analysis; 

3.  The  local  assessment  guide  supplied  to  the  validation  cities  does 
not  provide  sufficient  depth  and  clarity  for  use  by  local  governments 
without  further  instruction  and  assistance  in  specific  applications 
(Note:  As  indicated  above  (Item  6,  page  3)  there  appears  to  be  a  strong 
feeling  that  this  program  should  be  incorporated  into  the  Executive 
Series  of  course  offerings  at  the  National  Fire  Academy) ; 

4.  A  computer  program  should  be  written  to  analyze  field  collected  data 
and  compute  the  numerical  block  rating  or  fire  spread  rating; 


5.  A  nuttoer  of  fire  officers,  especially  in  fire  fsrevention  bureaus, 
would  like  to  see  an  adjustment  made  to  the  methodology  to  account  for 
buildings  protected  by  automatic  sprinkler  systems,  and 

6.  Fire  officers  involved  in  the  validation  study  suggest  that  impact 
measures  be  developed  for  assessing  the  value  of  the  responsible  fire 
department  and  other  local  government  agencies  in  halting  a  spreading 
fire  between  structural  blocks. 

It  can  be  concluded  that  the  general  scope,  methods,  and  objectives  of 
the  local  assessment  guide  for  determining  mass  fire  spread  potential  in  urban 
blocks  and  the  probability  of  fire  spread  betvgeen  blocks  is  sound  and  should 
be  advanced  to  the  fire  service.  One  or  more  programs  at  the  National  Fire 
Academy  apprear  to  offer  appropriate  and  acceptable  methods  for  advancing  this 
program  to  the  fire  service.  The  current  docvmentation  on  the  local 
assessment  guides  should  be  extended  to  include  an  impact  analysis  of 
automatic  sprinkler  protection  and  fire  suppression  capability  in  reducing  the 
threat  of  mass  fires  and  conflagration  type  fires  in  urban  areas.  When  all  of 
this  is  accomplished,  the  total  program  should  be  computerized  and  implemented 
into  the  integrated  emergency  management  system  supported  by  the  Federal 

Elnergency  Management  Agency. 

The  total  study  project  is  presented  in  three  reports; 

1.  A  Study  Document  for  Conflagration  Analysis:  System  II 

2.  A  Local  Assessment  Guide  for  Conflagration  Analysis:  System  II 

3.  Conflagration  Analysis  System  II  -  Bibliography 

These  reports  are  available  through  the  National  Technical  Information 
Service,  5285  Port  Royal  Road,  Springfield,  VA  22161.  In  addition,  a 
notebook  containing  the  field  study  data  sheets  is  available  at  the 
International  Association  of  Fire  Chiefs. 
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mathematical  formulations  that  depict  the  requirements  for  calculating 
numerical  values  associated  with  parameters  in  the  conflagration  model.  An 
assessment  of  this  material  is  discussed  in  the  revised  local  assessment 


guide , 


B.  Measurement  of  Fire  Severity 

Coward  reports  (1975)  on  recent  experiments  demonstrating  that  the 
severity  of  a  fire  involving  a  compartment  bears  a  relationship  to  the  fire 
load,  area  of  walls  and  ceiling  and  window  area  (1).  Since  these  quantities 
vary  from  room  to  room,  and  from  one  building  to  another,  fire  severity  must 
itself  vary  and  must  be  regarded  as  a  statistical  parameter.  The  cfcject  of 
this  work  is  to  estimate  the  distribution  of  this  parameter  for  one  particular 
room  use  in  one  type  of  building,  so  that  the  level  of  risk  associated  with 
different  levels  of  protection  can  be  assessed.  Tt^is  information  is  essential 
to  the  assessment  of  fire  containment  in  buildings  and  the  ability  of  the 
structure  to  hold  a  developing  fire  to  the  modular  level  of  origin. 

The  report  builds  a  simulation  method  to  combine  the  distribution  of  fire 
load,  room  dimensions  and  window  areas.  The  likely  severity  of  a  fire 
involving  a  room  is  related  to  the  room  size  and  shape,  window  area,  eind  fire 
load.  This  relationship  is  given  in  the  following  formula: 


tf  =  K  L 

\ 


where: 


1.  Coward,  Sara  K.  A  Simulation  Method  for  Estimating  the  Distribution  of 
Fire  Severities  in  Office  Rooms .  Borehamwood :  Fire  Research  Station, 
1975.  The  original  theoretical  background  is  given  in  M.  Law's  "A 
Relationship  Between  Fire  Grading  in  Building  Design  and  Contents  , 
Joint  Fire  Research  Organization,  Fire  Research  Note  877,  Borehamwood, 
1971 . 
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A.  Introduction 


Hie  Gage-Babcock  nodel  for  conflagration  potential  determination  is  based 
on  an  analytic  methodology  for  determining  nimerical  block  values,  itie  block 
values  are  assessed  on  a  relative  scale  to  identify  a  given  block's  potential 
for  mass  fire  development.  A  number  of  quantitative  determinants  relating  the 
fire  development  in  structures  and  the  spread  of  fire  between  structures  are 
used  in  the  block  analysis  formula. 

This  section  supplements  an  extensive  evaluation  of  the  literature  on  the 
section  heading,  itie  literature  reviews  concentrated  on  substantive  issues 
and  methodology  statements.  Itie  concern  of  the  literature  search  was  to 
identify  important  and  repeated  variables  and  the  possible  need  to  reassess 
current  methodology  on  the  block  rating  analysis.  The  completed  literature 
search  is  reported  in  a  separate  docixnent. 

The  literature  search  identified  several  important  queuititative  measures 
that  need  to  be  carefully  evaluated  for  each  measurable  item  in  the 
conflagration  methodology.  The  specifics,  in  contrast  to  the  generalities,  of 
the  material  must  be  carefully  documented  and  reported  as  part  of  the  total 
study.  This  section  discusses  a  range  of  identifiable  measures  associated 
with  the  stated  problem. 

Itie  following  analytical  approaches  to  measuring  fire  development  and 
fire  spread  in  structures  and  from  structures  is  important  to  any  assessment 
for  altering  the  current  quantitative  methodology  documented  in  the  Gage- 
Babcock  conflagration  model.  In  this  docunent,  specific  attention  is  given  to 


SECTION  III 


Study  Limitations 

The  scope  and  methods  associated  with  this  study  are  limited  by  the 
following  considerations: 

1.  The  stated  conments  on  the  validation  studies  represent  the 
reflections  of  the  72  individuals  participating  in  the  respective 
exercises  outlined  in  this  document. 

2.  This  study  does  not  evaluate  the  potential  impact  of  automatic 
sprinkler  protection  as  a  potential  retardant  to  mass  fire  development  in 
urban  structural  blocks. 

3.  This  study  does  not  evaluate  the  potential  impact  of  organized  fire 
department  suppression  forces  as  potential  retardants  to  mass  fire 
development  in  urban  structural  blocks  and  fire  spread  between  urban 
structural  blocks. 

4.  The  findings  and  conclusions  associated  with  this  study  eure  limited 
to  cities  in  the  population  range  from  150,000  to  approximately  600,000 
persons  as  reflected  by  the  cities  participating  in  the  identified 
validation  exercises. 

5.  This  study  is  limited  by  the  variables  and  operational  constraints 
presented  to  the  validation  study  participants.  Suggested  alternatives 
identified  during  study  Phase  II  portion  of  the  validation  process  have 
not  been  fully  evaluated. 


separate  validaticxi  exercise  relative  to  the  perceived  preparation 
of  participants,  the  difficulties  experienced  by  individuals  and 
assessment  groups,  the  length  of  time  to  complete  the  exercise,  and 
the  attitude  of  the  participants  towards  the  exercise. 

c)  The  specific  nature  of  verbal  questions  also  was  recorded. 

d)  Written  comments  provided  by  a  few  participants  were  carefully 
evaluated  in  the  context  of  all  other  types  of  questions. 

e)  Coninents  and  observations  from  the  verbal  critique  conducted 
after  each  exercise  were  carefully  recorded  and  evaluated. 

Step  10;  On  the  basis  of  the  process  identified  in  the  above  steps,  two 
sets  of  suRinary  conditions  were  prepared.  First,  a  set  of  conclusions  was 
drawn  concerning  the  local  assessment  program  for  mass  fire  potential  and  fire 
spread  probability  involving  urban  blocks.  The  potential  value  and  general 
construct  of  the  total  program  effort  are  evaluated  in  Section  VII.  Second,  a 
set  of  conclusions  is  drawn  that  relates  specifically  to  application  of  the 
local  assessment  guide  and  are  reported  in  Section  VII. 

Future  work  relative  to  this  project  is  the  last  item  to  be  addressed. 
Concepts  are  presented  for  making  the  local  assessment  guide  a  useful  tool  for 
fire  risk  analysis  in  urban  areas.  Finally,  thoughts  are  presented  to 
implement  the  local  assessment  guide  package  in  the  most  practical  manner. 


to  cSeterroine  a  fire  spread  probability  factor  presented  a  nunter  of 
difficulties. 

The  first  problem  centered  around  the  basic  formula  relationship  between 
the  exposed  block  face  and  the  exposing  block  face.  It  appears  that  the 
terminology  relating  to  the  relative  hazard  value  required  interpretation 
beyond  that  provided  in  the  local  assessment  guide.  The  incremental  values  of 
twenty  (20)  feet  for  the  facing  walls  of  each  block  front  caused  problems 
where  the  computation  lines  did  not  match  building  separation  lines.  Finally, 
the  sheer  amount  of  "plugging  and  chugging"  through  the  repetitive 
calculations  caused  much  frustration. 

There  is  little  doubt  that  this  study  ^ase  requires  future  work  to 
simplify  the  method  of  assessment.  This  observation  holds  whether  the 
calculations  are  accomplished  by  hand  or  by  machine.  The  alternative  process 
is  outlined  in  Section  VI, 

Because  of  identified  problems  associated  with  the  fire  spread  analysis, 
one  of  the  validation  cities  did  not  complete  the  computational  process;  two 
of  the  cities  completed  the  exercise  with  varying  degrees  of  success. 

Step  9:  Results  of  the  three  validation  exercises  were  evaluated 
according  to  the  following  objective  criteria  - 

a)  The  deviation  in  block  rating  values  between  the  participants 
for  a  given  city  are  of  importance.  It  should  be  noted  that  no 
direct  intercity  comparison  was  possible  bec.^se  the  structural 
block  configurations  were  different.  However,  standard  deviations 
in  the  numerical  rating  between  cities  are  identified  for  relative 
comparisons. 

b)  The  principal  investigator  recorded  observations  during  each 


reported  that  the  accomplished  validation  of  the  potential  wind  impact  on  fire 
^read  is  sketchy  at  best. 

Step  S:  The  procedural  step  involved  the  validation  of  Study  Phase  ll, 
applying  the  further  revised  block  assessment  methodology  and  the  fire  spread 
methodology  to  selected  urban  blocks  in  cities,  ihe  study  process  was 
hampered  and  slowed  by  initial  inability  to  obtain  coninitments  from  cities  to 
participate  in  the  validation  exercise.  Reflections  on  this  problem  are 
enimerated  in  Section  V. 

The  cities  of  Louisville,  Kentucky;  Atlantic  City,  New  Jersey;  and 
Syracuse,  New  York,  did  participate  in  a  validation  program. 

Use  and  application  of  the  local  assessment  guide  for  determining  mass 
fire  spread  potential  in  urban  blocks  moved  quite  smoothly  in  all  three 
cities.  The  consistency  in  determining  block  ratings  improved  over  the 
initial  study  program.  The  participants,  in  aggregate,  still  expressed 
concerns  regarding  the  time  involved  in  completing  a  block  rating. 

Development  of  a  computer  program  to  analyze  the  field  data  remained  the 
number  one  reoonmendat ion . 

The  indicators  are  all  positive  for  the  continuation  and  refinement  of 
the  block  rating  analysis  method  for  assessing  mass  fire  potential  in  urban 
blocks.  This  item  is  considered  an  important  tool  for  quantifying  and 
defining  risk  levels  associated  with  large  scale  fire  potential  in  urban 
areas.  It  is  generally  considered  that  the  work  process  should  be  shortened 
or  machine  calculations  substituted  for  hand  calculations. 

Ihe  validation  process  for  potential  fire  ^read  between  blocks  was  less 
rewarding.  The  concept  and  need  for  this  type  of  evaluation  and  measuranent 
appeared  to  be  veil  supported.  The  process  of  doing  the  actual  computations 


relationships  involving  fire  spread  by  radiation  factors.  No  single 
methodology  was  identified  that  specifically  covered  the  conoerns  of  this 
study.  Abstracts  of  the  literature  reviewed  are  reported  in  a  separate 
docanent. 

Step  Based  on  the  literature  search  identified  in  Step  6,  a  local 
assessment  methodology  for  predicting  fire  spread  between  urban  blocks  has 
been  developed  and  incorporated  into  the  local  assessment  guide.  Ttie 
methodology  builds  on  the  concepts  associated  with  mass  fire  spread  and  then 
proceeds  to  the  final  block  rating (s)  for  determining  the  analytical 
probability  of  fire  spread  from  a  mass  fire  development  in  an  urban  block  to 
an  adjacent  urban  block.  In  other  words,  the  model  is  structured  around  the 
fundamental  concept  that  it  is  necessary  to  first  determine  block  ratings  for 
the  two  blocks  under  consideration;  the  fire  spreanl  probability  is  a  direct 
function  of  the  analytical  association  between  these  two  blocks.  A 
probability  measure  is  then  introduced  based  on  the  gap  width  between  the 
structural  block  faces.  A  building  height-aurea  ratio  is  introduced  as  an 
intervening  variable  to  the  radiator  and  receiver  which  accounts  for  a 
directional  concept  within  the  fire  spread  phenomenon. 

The  basic  fire  spread  methodology  is  subject  to  a  further  spread  factor 
evaluation  based  on  potential  wind  speed  and  direction.  It  appears  that  the 
most  dominant  factor  in  fire  spread  between  structures  is  the  support  wind 
gives  to  fire  intensity  and  associated  radiation,  conduction,  and  convection 
transfer  elements.  While  almost  everyone  agrees  on  the  variability  of  the 
problem,  the  quantitative  measures  necessary  to  label  this  problem  are 
conspicuous  by  their  absence.  Therefore,  the  report  methodology  represents  a 
logical  analysis  based  on  the  quantitative  data  available.  It  needs  to  be 


service  personnel.  Conclusions  relating  to  this  specific  validation  exercise 
are  also  reported  in  Section  V.  It  is  important  to  note  that  results  of  this 
exercise  contrasted  sharply  with  the  student  assessment  evaluation.  These 
participants  considered  the  assessemnt  process  overly  complex  with  specific 
reference  to  the  wall  evaluations.  Most  important,  the  program  was  critized 
as  being  too  time  consuming  and  labor  intensive.  This  group  stated  a  view 
that  field  data  should  be  analyzed  on  a  computer.  However,  on  a  positive 
note,  all  of  the  participants  agreed  that  the  basic  concept  of  the  local 
assessment  guide  was  valid  and  needed  to  be  further  developed  and  implemented 
into  risk  assessment  programs  for  disaster  planning,  "rtiere  was  little  support 
for  the  methodology  to  continue  to  consider  fires  initiated  by  a  wartime 
action. 

An  important  suggestion  for  improvement  of  the  basic  study  focused  on 
extending  the  assessment  methodology  to  evaluate  the  potential  or  probability 
of  fire  spread  from  a  mass  fire  in  one  block  to  an  adjacent  block. 

Step  5:  A  second  phase  to  the  stated  study  was  approved  in  1983.  Study 
Phase  II  extended  the  scop>e  of  the  original  study  to  incorporate  a  methodology 
for  the  local  assessment  of  fire  spread  between  urban  blocks.  This  portion  of 
the  study  includes  a  review  of  literature  relevant  to  the  topic  area,  the 
formulation  of  a  local  assessment  guide,  and  the  validation  of  this  guide. 

The  following  steps  continue  to  identify  the  methodology  framework  for 
accomplishing  these  three  study  elements. 

Step  6;  A  literature  search  continued  through  1983  and  extended  into 
early  1984  for  the  purpose  of  identifying  concepts,  principles,  and  analytical 
methods  for  the  quantitative  prediction  of  fire  spread  across  an  open  ^sace. 
The  literature  identified  and  reviewed  presents  several  basic  and  consistent 


step  2:  Findings  from  the  literature  search  dictated  a  change  in  the 
numerical  analysis  eissociated  with  the  following  variable  sets  - 

a)  Occupancy  fuel  loading  conditions, 

b)  Exterior  vrall  evaluation, 

c)  Height  multiplier  categories, 

d)  Roof  construction  and  roof  cover,  and 

e)  Height  distribution  analysis. 

The  variable  sets  associated  with  floor  construction,  density  multiplier 
terrain  multiplier,  and  the  final  block  rating  methodology  remain  as 
documented  in  the  original  study. 

The  quantitative  values  associated  with  the  variable  sets  identified 
above  are  docunented  in  the  revised  paper.  Local  Assessment  Guide  for 


Step  4:  The  revised  local  assessment  guide  was  submitted  to  a  two-phase 
validation  process.  The  revised  process  for  determination  of  mass  fire  ^read 
potential  in  urban  blocks  was  pilot  tested  with  a  group  of  30  students 
enrolled  in  the  fire  protection  engineering  program  at  the  University  of 
Maryland.  Each  student  rated  a  sample  block  by  the  original  Gage-Babcock 
method  and  the  revised  mathod.  Conclusions  relating  to  this  validation 
exercise  are  reported  in  Section  V.  However,  it  should  be  noted  that  the 
majority  of  evaluators  thought  that  the  exterior  vail  assessment  process  was 
oversimplified.  The  suggested  revision  incorporated  looking  at  each 
structural  wall  face  as  an  entity  to  itself.  Other  minor  changes  of  note, 
including  a  working  example,  were  incorporated  into  the  revised  guide. 

In  October  1982,  a  similar  validation  study  was  conducted  in  Alexandria, 
Virginia,  using  a  total  of  seventeen  (17)  emergency  management  and  fire 
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Study  Methodolcx^v 

This  study  is  structured  around  several  sequential  methodology  steps. 

The  conceptual  framework  of  these  steps  forms  a  basic  foundation  to  the  study. 
The  following  step  functions  serve  to  identify  the  study  process  and  to 
further  identify  the  scope,  limits,  and  selected  findings  associated  with  the 
completed  study: 

Step  1^:  Early  in  1982,  a  literature  search  was  conducted  to  determine 

% 

if  a  new  or  subsequent  method  of  urban  conflagration  analysis  has  been 
developed  since  the  1965  study  conducted  by  Gage-Babcock  &  Associates.  No 
equal  or  substitute  study  was  identified. 

Step  2:  A  corresponding  literature  search  was  conducted  during  the 
first  six  months  of  1982  on  the  qualitative  and  quantitative  factors 
associated  with  fire  development  in  structures,  itie  literature  search  was 
especially  sensitive  to  the  component  variables  used  in  the  Gage-Babcock 
document  "A  System  for  Local  Assessment  of  the  Conflagration  Potential  of 
Urban  Areas".  Data  and  information  concerning  the  quantitative  values 
associated  with  the  variable  set  received  careful  consideration.  A  summary  of 
findings  associated  with  this  literature  search  is  reported  in  the  Literature 
Abstracts  for  Study  Phase  I  and  Phase  II. 

At  the  completion  of  this  literature  search,  it  was  concluded  that  no 
sound  reason  existed  for  altering  the  basic  structure  of  the  original  Gage- 
Babcock  local  assessment  methodology.  However,  it  appeared  that  a  mxrber  of 
quantitative  changes  were  appropriate  for  elements  of  the  assessment 


variables. 


B.  Study  Mission 

It  is  the  mission  of  this  study  to  develop  awxl  test  a  suitable  method  for 
the  local  assessment  of  mass  fire  potential  in  urban  blocks  and  the 
probability  of  fire  spread  between  urban  blcrks. 

C.  Study  Objectives 

Several  study  objectives  follow  frcm  the  basic  study  mission.  The 
following  specific  objectives  provide  a  framework  for  developing  the  study 
methodology: 

Objective  Examine  the  Gage-Babcock  "System  For  Local  Assessment 
of  the  Conflagration  Potential  of  Urban  Areas"  with  respect  to  the  study 
mission; 

Objective  2:  Modify  the  Gage-Babcock  methodology  as  required  or 
develop  a  new  methodology  if  necessary  to  fulfill  the  study  mission; 

Objective  2^  Construct  a  revised  or  replacement  methodology  from  a 
current  review  of  relevant  literature  published  since  1965; 

Objective  £:  Validate  the  revised  or  replacement  methodology  using 
sample  and  existing  block  scenarios  that  are  evaluated  by  emergency 
management  and  fire  service  personnel,  and 

Objective  2*  Prepare  a  final  local  assessment  guide  for 
determining  the  conflagration  potential  of  urban  areas  based  on 
docunented  results  of  the  validation  process. 

D.  Study  Modifications 


The  study  is  structured  around  the  defined  study  mission  and  the 
developed  objectives.  Sections  of  this  document  detail  the  study  methodology. 
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in  buildings  and  between  buildings  dictates  the  need  for  both  refining  and 
expanding  the  basic  analytical  approach  provided  by  the  Gage-Babcock  method  to 
more  accurately  reflect  a  current  understanding  of  fire  growth  conditions.  In 
fact,  the  refinement  process  should  be  ongoing  £is  a  function  of  completed 
research  and  real  world  experience  pertaining  to  urban  fires  that  spread  fron 
the  building  of  origin. 

The  concepts  associated  with  this  study  develop  from  one  central  premise. 
The  ignition  scenario  in  a  single  urban  structural  block  springs  from  a 
hazard-cause  interface  not  associated  with  wartime  or  terrorist  tactics. 
Further,  the  ignition  is  not  controlled  or  extinguished  by  automatic  fire 
suppression  systems  or  manual  fire  suppression  efforts.  The  fire  is  assumed 
to  grow  and  spread  as  a  function  of  occupancy  characteristics  and  building 
construction  to  envelop  the  building  of  origin.  At  this  point  the  analytical 
methodology  responds  to  the  basic  question:  "What  is  the  risk  of  a  mass  fire 
developing  that  will  spread  beyond  the  building  of  origin  to  engulf  the  entire 
block?" 

Block  ratings  developed  by  applying  the  local  assessment  procedure 
provide  benchmarks  for  quantitatively  predicting  the  relative  potential  for  a 
mass  fire. 

Computed  block  ratings  plotted  on  urban  land-use  maps  are  perceived  to  be 
useful  in  illustrating  the  relative  ness  fire  potential  in  urban  areas. 
Contiguous  blocks  that  are  assigned  high  block  rating  values  chart  a  potential 
path  for  an  urban  conflagration.  Additional  measures  discussed  in  this  study 
illustrate  the  probability  of  fire  spread  between  selected  urban  blocks. 
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A.  Background  Statement 

In  the  raid  1960s,  Gage-Babcock  &  Associates  developed  "A  System  For  Local 
Assessment  of  the  Conflagration  Potential  of  Urban  Areas".  This  assessment 
tool  has  been  used  as  one  evaluation  method  for  determining  the  potential  for 
a  devastating  fire  in  urban  structural  blocks  under  wartime  conditions.  The 
literature  on  this  topic  indicates  that  the  assessment  process  assumes  an 
ignition  may  take  place  in  any  block  where  50  percent  of  the  land  is  built 
upon.  A  computed  nimerical  block  rating  is  designed  to  give  a  relative 
measure  of  conflagration  potential  given  a  set  of  assumptions  clearly 
identified  in  the  assessment  methodology. 

This  study,  conducted  by  the  International  Association  of  Fire  Chiefs 
under  direct  sponsorship  of  the  Federal  Emergency  Management  Agency,  was 
initiated  to  determine  the  relevance  of  the  Gage-Babcock  assessment  method  for 
urban  structural  mass  fire  spread  after  ignition  from  a  source  not  connected 
with  wartime  causal  factors.  Therefore,  a  fundamental  concept  associated  with 
this  study  is  the  appropriate  measure  of  conflagration  potential  in  urban 
areas  based  on  fire  ignition  and  spread  phenomena  associated  with  anticipated 
occurrences  in  the  normal  ^Jectrum  of  urban  activity.  The  initial  work  of 
this  study  concludes  that  the  Gage-Babcock  structural  and  methodological 
approach  to  the  identified  problem  of  conflagration  analysis  is  basically 
sound. 

However,  an  intensive  examination  of  the  literature  in  this  field  reveals 
that  investigative  work  over  the  past  twenty  years  on  fire  growth  and  spread 
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K  has  been  found  to  vary  from  0.7  to  1.5  when  t£  is  in  minutes  and 
the  ratio  L/>rA;^  is  in  kilograms/m^. 

t£  =  measure  of  the  severity  of  a  fire  involving  the  compartment 
(minutes ) 

L  =  the  total  fire  load 
Ay  =  the  window  area 

kj  =  the  sum  of  the  wall  and  ceiling  areas,  excluding  Ay. 

The  simulated  study  is  cross-correlated  to  the  work  of  Berlin  on  measured 
fire  severity  (2) .  This  comparison  is  made  in  Figure  1  taken  from  the  Berlin 
study.  This  figure  is  important  for  examining  the  percentage  of  a  room  in  a 
building  with  the  corresponding  fire  resistance  requirements, 

Ouintiere  states  that  room  fire-modeling  provides  a  means  for  quantifying 
phenomena  about  fire  behavior  (3) .  The  development  of  a  room  fire  trodel  is 
the  process  of  defining  the  important  phenomena,  conceptualizing  their 
interactions,  specifying  their  functional  relationships  and  assembling  those 
components  into  a  mathematical  framework  for  solutions.  Intensive 
experimental  efforts  have  helped  to  identify  and  characterize  the  important 
phenomena  ^  njrring  in  room  fires. 

An  important  concept  in  this  research  work  is  the  measured  vertical 
temperature  distribution  in  a  room  compared  with  the  theoretical  upper  and 
lower  space  gas  and  surface  temperature.  This  is  presented  in  Figure  2  also 
from  Berlin.  Note  how  closely  the  computed  values  align  with  the  predicted 
values.  The  analytical  method  can  be  accepted  as  a  reasonable  predictor  of 
the  fire  event  scenario  in  a  room. 

2.  Berlin,  Geoffrey  N.  "A  Simulation  Model  of  Fire  Hazards"  (Meeting 
Report),  Boston:  National  Fire  Protection  Association,  1977. 

3.  Ouintiere,  James  G.  "An  Overview  of  Fire  Modeling".  (Unpublished  paper 
presented  to  the  Society  of  Fire  Protection  Engineers'  meeting  in  March, 
1981.) 
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FIGURE  1 

Comparison  of  the  fire  severity  distribution  obtained  by  simulation 
with  the  obtained  by  Baldwin  from  a  survey  of  real  rooms  (K  *  1) 


Geoffrey  Berlin,  "A  Simulation  Model  of  Fire  Hazards,"  (Meeting  Report) 
Boston  (MA) ;  National  Fire  Protection  Association,  1977  -  p.  11. 
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FIGURE  2 

A  measured  vertical  temperature  distribution  (gas:  9-23;  surface:  8  and  23) 
in  a  room  compared  with  theoretical  upper  (T  and  T  )  and  lower  space  gas  and 
surface  temperatures.  ’ 

Geoffrey  Berlin,  "A  Simulation  Model  of  Fire  Hazards,"  (Meeting  Report) 
Boston,  (MA) :  National  Fire  Protection  Association,  1977. 


The  temperature  course  of  a  fire  in  an  enclosure,  in  practice,  can  be 

estimated  as  follows  according  to  B.  T.  Lee  (4): 

1.  Calculate  the  opening  factor: 

ro-SCKZ 

A 

r 

where  Fq  =  opening  factor 
A  =  window  area 
H  =  wi ndow  he i ght 

Ap  =  area  of  the  inside  surface  of  the  enclosure 

2.  t  =  WAp  (330-A\nr) 

where  t  =  duration  of  fire  in  hours 
W  =  fuel  load  in  Kg/m^ 

A  =  window  area  in  m2 
Ap  =  floor  area  in  m2 
H  =  window  height  in  m 

3.  The  maximum  temperature  can  be  estimated  from  curves  that  relate  Fq  to  t. 
See  Fig.  2.2  in  Lee,  Reference  k,  for  example. 

4.  a.  According  to  Lee,  (Ref.  4),  when  "t"  is  less  than  1  hour  the  rate 

is  roughly  10  degrees  C  per  minute; 

b.  When  "t"  is  equai  to  or  greater  than  1  hour,  the  rate  of  decay  is 
roughly  7  degrees  C  per  minute. 

The  concept  of  fire  duration  must  be  a  key  consideration  in  evaluating 
the  framework  of  conflagration  potential.  Ttierefore,  conceptually,  a  rapidly 
building  fire  is  more  hazardous  than  a  slow  fire,  itiis  is  due  partly  to  the 
higher  rate  of  heat  transfer  into  the  structure  during  the  faster  (more 
severe)  fire  and  partly  to  the  increase  of  the  rate  of  development  of  various 
physical  and  chemical  processes  (such  as  moisture  transport,  decomposition, 
and  crystal  transformation)  with  temperature.  In  addition,  the  larger 
temperature  differences  between  outer  and  inner  layers  in  the  material  will 
create  larger  thermal  stresses  in  the  structure  v^en  the  fire  is  more  severe. 
This,  and  the  increased  rate  of  development  of  the  above-mentioned  process. 


4.  Lee,  B.  T.  "Modeling  Individual  and  Multiple  Building  Fires".  Menlo 
Park,  (CA) :  Stanford  Research  Institute,  1972. 
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increase  the  chance  of  spalling,  cracking,  and  failure,  also  accelerating 
those  occurrences. 

Figure  3,  taken  from  Lee  (5),  shows  an  example  of  a  relation  between 
fire  temperatures  and  fire  duration  for  a  specific  fire.  In  practice, 
the  time  taken  for  a  fire  to  grow  to  the  flashover  or  fully  developed 
state  depends  partly  on  the  nature  of  the  materials  involved  in  the 
fire,  and  partly  on  the  circumstances  under  which  the  fire  grows,  such 
as  spacing  of  combustible  materials,  size  and  shape  of  room,  size  of  the 
ignition  source,  the  place  where  the  fire  started,  and  ventilation 
factors  (6). 

The  probability  of  the  occurrence  of  a  fire  with  a  long  growth 
period,  however,  is  greater  for  a  room  lined  with  a  material  which  is 
rated  as  non-combusticle  (non-contributing)  than  for  a  room  lined  with 
a  strongly  contributing  material.  This  concept  is  evidenced  in  the 
frequency  of  fire  with  flashover  conditions.  When  in  the  expression 
for  the  required  fire  resistance  the  equivalent  duration  "tg"  is  used 
instead  of  the  anticipated  actual  fire  duration  "t",  and  the  relation 
for  the  required  fire  resistance  become  (7): 

R  =  ktg,  where 

R  =  required  fire  resistance  of  the  structural  element  under 

consideration.  The  fire  resistance  of  a  structural  element  can 


5.  Ibid. ,  p.  18 

6.  Ibid.,  p.  19 

7.  Ibid. .  p.  20 
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FIGURE  3 

Estimated  and  Measured  temperature's  of  an  experimental  fire. 
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FIGURE  4 

Results  of  survey  of  fire  load  densities  in  offices  in  various  areas. 


T.  T.  Lie  Fire  and  Buildings .  London:  Applied  Science  Publishers,  PP  18-20. 
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be  determined  experimentally  by  subjecting  a  ^jecimen  to 
heating  according  to  the  standard  time  temperature  curve,  or  it 
can  be  computed. 

tg  =  the  duration  of  heating  according  to  the  standard  curve  that 
gives  an  area  under  the  curve  that  is  equal  to  that  under  the 
anticipated  fire  temperature  curve, 
k  =  fire  resistance  safety  factor. 

It  should  be  noted  that  the  above  equation  expresses  the  relation  between 
test  results  and  practice.  Ttie  more  realistic  the  testing  conditions,  the 
smaller  the  appropriate  value  of  the  fire  resistance  safety  factor  and  thus 
also  the  required  fire  resistance. 

C.  Fire  Loading 

Lee  indicates  that  the  fire  load  is  a  measure  of  the  heat  content  of  the 
combustible  materials  present  in  the  room.  The  fire  load  is  often  defined  as 
the  heat  content  of  the  combustible  materials  per  unit  of  floor  area.  Fire 
load  can  also  be  considered  to  be  the  total  heat  content  of  the  combustible 
materials  in  an  enclosure.  In  that  case,  the  heat  content  per  unit  area  is 
called  the  fire  load  density  (8). 

Some  results  of  fire  load  surveys  in  offices  in  Japan,  the  Netherlands, 


and  Washington,  D.C.,  in  the  United  States  have  been  derived  from  study  data 
obtained  in  the  late  1960's.  In  this  analysis  it  has  been  assumed  that  the 
fire  load  densities  are  normally  distributed.  The  data  is  displayed  in 


Odeen,  writing  in  Lee's  book,  suggests  that  the  fire  load  should  be 
defined  as  the  heat  content  of  the  combustible  materials  per  unit  of  wall  area 
instead  of  per  unit  of  floor  area.  (10).  This  concept  is  expressed  in  the 
following  equation: 

t  =  (1/330)  W'F/q,  where: 
t  =  duration  of  fire  in  hours 
W  =  fuel  load  in  Kg/m^ 

Fq  =  the  wall  opening  factor  (m^) 

^0  ~  ^  ^  — -  (m^)  where: 

^r 

A  =  window  area  of  the  enclosure  (m^) 

H  =  window  height  (m) 

=  area  of  the  inner  surface  of  the  wall  bounding  the  enclosure 

(m^) . 

In  1969,  W.  Halpaag  worked  out  an  important  set  of  fuel  loading  factors 
for  industrial  structures  in  Germany  (11).  These  values  were  cross-correlated 
to  American  buildings  by  the  American  Iron  and  Steel  Institute.  Figure  5, 
taken  from  this  study,  gives  the  relative  factors  as  heat  of  combustion 
values.  Using  the  conversion  of  1  Mcal/Kg  =  1800  BTU/lb.,  a  relative 

10.  Ibid  p.  22 

11.  Kohlhanmer,  W.  "Determination  of  the  Fire  Protection  Class  of  Industrial 

Structures",  Dormagen,  Germany:  Fire  Protection,  German  Journal  of 
Fire  Departments,  1970,  p.5. 


27 


'  ’V  -V 


y.-:tizs  of  Ca'r.bu?ticn  -  K.,  (calculated  values)  of  ccr.bustiblec 
in  Meal,  Kg  at  2C^C ,  67^  H.H.  (DZ:  50014) 


Keat  of 
cor. eation 
in  Meal/ Kg 


C0I3'JS13LEE 


Meal /Kg 


/  Fuels 


Ignite  sricuettes 
ire  wood 

it'^.inous  coal,  coking  coal 
.ir.thracite,  su'c-bif^^-.inous  coal 
nthracite  coke 


1  V^ood,  wood  products,  fibers, 
cellulose  materials 

Deciduous  wood  4.0 

Coniferous  wood  4,5 

Excelsior  building  panels 

Dz;  1101  1.5 

Wood  sharing  panels  DZ^  68761  4.0 

Porous  wood  fiber  panels 

'  Dz;  6S750  3.5 

Hardwood  panels  DZ\  o5'’50  u.O 

Vegetable  fibers  (cotton,  flax) 
cellulose  based  libers  4.0 

AnLT.al  fibers  (wool,  silk)  5.0 

■Paper,  cardboard,  cellulose, 

■  excelsior,  bar.boc,  gram, nay  flour  4..0 

Synthetics 

Urea  resins  5.0 

Phenolic  resins  6.0 

1  Pclyacrylic  acid  -  butyl  ester  7.0 

Pclyamide  7.0 

Polyethylene  10.5 

Polycarbonate  7.0 

Pclyester (without  glass  fibers)  6.5 

Polyester (with  glass  fibers)  4.5 

Pc  lyfcrr.aldehyde  4.0 

Pclyiscbutylene  11. C 

P:lys'‘yrol  9-5 

P  r lytet r af 1 jof eih  rle ne  1 . 0 


r:  --."uretnan? 


.';-y'.'inyi  acetate 


.  p”  A  c,  '  Z"  ‘  ’ 


e)  Miscellaneous 

Roofing  paper  with  grit 
Roofing  paper  without  grit 
Hard  rubber 

Crude  rubber,  natural  or  synthetic 

Linoleun 

Magnesium 

Phosphorus 

Sulphur 

Sugar 

f)  Fertilizers 

Ammonium  Sulphate-Potassium  nitrate 
Urea 

Bone  Meal 

Calcium:  .Ammonium-Potass i'um.  nitrate 
LIQ'JIDo 

Ethyl  alconcl 

Benzene,  Benzol,  Diesel  .“uel, 
heavy  oil 
Gas  cil 
Glycerine 
Fuel  Oil 

Hexane  (80'^)  and  heptane 

Methy  alcohol 

Octane 

Phenol 

Vegetable  Gils 
Lubricating  Cils 
Toluol 
Xylol 


itnane 

Acetylene  'IctCC  heal 
Dutane 

Carbon  Mcnoxiie  ):C20 


PrcTcane 


Hydrogen  (25SO  Kcal.'Nm 


Paraffin 

Ve'etatle  and  A.'. ir.al  fate 


(1  Meal/ Kg  =  l50C  5‘u  lb' 


_  FIGURE  5 

W.  Kohlhammer .  "Determination  of  the  Fire  Protection  Class  of  Industrial 
Structures,  Dormagen,  Germany:  Fire  Protection,  1970  -  p.  5 
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intensity  table  can  be  constructed  for  the  purpose  of  examining  fire  intensity 
for  given  occupancies.  Further,  this  information  is  useful  for  constructing  a 
relative  BTU  chart  based  \pon  heights  and  areas.  Prom  this  analysis  it  is 
further  suggested  that  total  BTUs  can  be  calculated  for  building  complexes. 

Gomberg  adds  another  dimension  to  this  topic  (12) .  Predicting  the 
behavior  of  fire  is  a  difficult  tas)c,  one  that  must  be  undertalcen  using  the 
most  accurate  criteria  possible  to  have  a  reasonable  chance  of  success  in 
relating  the  theoretical  to  the  practical.  A  study  on  fire  load  occupancy 
classification  by  Gomberg  (1965)  concludes  that  "modern  methods  and  techniques 
of  predicting  the  behavior  and  hazard  of  fire  are  not  based  on  accurate 
criteria,  and  hence  less  accurate  than  is  possible".  Itte  study  indicates  that 
the  concept  of  fire  loading  is  vastly  overrated  as  a  determinant  of  fire 
hazard  and  that  the  thinking  in  this  area  should  be  revised,  possibly  with  a 
view  toverds  qualitative  as  well  as  quantitative  measurements  of  fire  hazard. 
Ilie  qualitative  suggestions  revolve  around  the  use  of  a  professional  review 
team  to  "adjust,  %^re  necessary",  those  occupancy  classifications  that  appear 
more  hazardous  by  inspection  than  is  revealed  by  "broad  categorization"  'Hiis 
reflection  appears  important  in  light  of  the  mechanism  to  examine  and  modify 
where  necessary  the  conflagration  block  analysis  method. 

From  a  quantitative  perspective,  this  study  conducts  a  statistical 
validation  of  weighted  relative  fire  loadings.  This  simply  means  that  the 
study  analysis  shows  that  fire  loading  is  not  evenly  distributed  and 

12.  Gomberg,  Alan.  "A  Study  of  the  Validity  of  Occupancy  Hazard 

Classifications  in  sprinklered  Occupancies  and  a  Proposed  Method  for 
Occupancy  Hazard  Determination",  (Unpublished  report.  University  of 
Maryland,  1965). 


therefore  must  be  weighted  to  demonstrate  the  proportionality  throughout  the 
fire  load  range.  The  results  are  tabulated  as  relative  fire  loading  indices 
using  10  pounds  per  square  foot  of  combustible  materials  as  the  index  of 
unity.  The  above  concepts  have  been  integrated  to  produce  Table  1  on  occupant 
fire  loading  in  the  local  zissessment  guide. 

D.  Interior  Finishes 

Fang's  research  at  the  National  Bureau  of  Standards  reflects  on  an 
analytical  approach  to  fire  development  in  rooms  based  on  the  characteristic 
of  the  interior  finish  materials  (13) .  It  is  reported  that  a  variety  of  wall 
and  ceiling  panels  in  full-scale  room  comer  tests  have  been  exposed  to  a  fire 
from  a  standard  wood  crib,  simulating  the  environment  produced  by  the  burning 
of  a  single  item  of  furniture,  to  evaluate  their  contribution  to  room  fire 
growth.  A  total  of  twenty  (20)  room  corner  tests  were  performed  using 
selected  combinations  of  eight  wood-base  and  gypsum-board-base  interior  finish 
materials  on  the  walls  and  ceiling.  Gas  temperatures  and  velocities,  surface 
temperatures,  heat  flux,  smoke  density,  concentration  of  oxygen,  carbon 
dioxide,  and  carbon  monoxide  were  measured.  Ignition  times  of  newsprint, 
cotton  fabric  and  plywood  in  the  lower  part  of  the  room  were  recorded,  ihe 
results  of  these  full-scale  tests  were  compared  with  laboratory  tests  on  the 
ease  of  ignition,  surface  flame  spread,  heat  release  rate,  and  smoke 
generation  on  the  same  materials.  The  maximun  upper  room  gas  temperature  has 
been  found  to  agree  with  the  ignition  of  such  indicators  as  newsprint  and 

13.  Fang,  Jim  B.  Fire  Buildup  in  a  Room  and  the  Role  of  Interior  Finish 
Materials.  Washington  (DC):  National  Bureau  of  Standards,  1975. 


plywood,  and  to  represent  a  measure  of  fire  hazard  in  terms  of  potential 
involvement  of  all  conbustible  contents  or  room  flashover.  A  tenqperature 
between  450  and  650  degrees  C  appears  to  mark  the  boundary  between  predicted 
limited  and  full  involvement  of  room  enclosures. 

Two  figures  from  this  study  appear  to  provide  important  information  to 
the  study  of  mass  fire  development;  both  figures  referenced  are  attached. 
Figure  6,  taken  from  this  study,  presents  the  tested  relationship  between 
materials,  reported  flame  spread  index  and  maximum  upper  room  gas 
temperatures.  The  relationships  may  be  important  for  examining  the  flashover 
condition  that  leads  to  rapid  fire  development.  This  information  is 
supplemented  with  a  set  of  regression  equations  set  forth  in  Figure  7  (also 
from  Fang)  for  expressing  the  correlation  between  laboratory  and  room 
corner  tests. 


E.  Exposure  Analysis 

In  the  late  1960s,  McGuire  wrote  extensively  on  the  subject  of  fire  and 
the  spatial  separation  of  buildings  (14).  This  work  is  based  on  actual  field 
studies  of  fires.  The  study  is  compressed  into  two  tables  that  identify 
separation  distances  in  feet  as  a  function  of  - 
Compartment  width  in  feet. 

Percent  of  window  openings,  and 
Height  of  compartment. 

14.  McGuire,  J.  H.  "Fire  and  the  Special  Separation  of  Buildings".  Fire 
Technology,  Vol.  1,  No.  4,  November  1965,  FT-12. 
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FLAME  SPREAD  INDEX 


Comparison  of  flame  spread  index  measured  by  ASTM  E162  Radiant 
^anel  Test  and  the  maximum  upper  room  gas  temperature  by  room  corner  test 
Dashed  lines  represent  limits  of  one  residual  standard  deviation. 


FIGURE  6 


Jin  B.  Fang.  Fire  Buildup  in  ^  Room  and  the  Rol e  of  Interior  Finish 
Materials .  Washington  (DC):  Center  for  Fire  Research,  National 
Bureau  of  Standards,  1973  -  p.  32. 
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5.  Rats  cf  Keat  Release,  Vor.tila 


ricr.  Ccntrclled  Fires: 

Determine  the  rate  of  heat  release  frotn  ventilation  controlled 
fires  in  the  fully-develcped  stage.  Multiply  (J  (step  3)  by  202. 

c  =  20 "i  « 


10.  Upper  Rccri  Air  Tc-nperature: 

Deterriine  the  upper  rocr;  air  temperature  in  the  fire  area. 

a.  For  the  boundary  enclosure  cf  the  fire  area,  determine  the 

area  of  the  enclosing  ualls.  Area  of  walls  =  _ 

b.  Find  the  area  of  the  ceiling  of  the  fire  area 

Area  of  ceiling  =  _ 

c.  Sum  the  areas  of  the  walls  (step  10a)  and  ceiling 
(step  10b)  to  detemine  A  ,  the  total  surface  area  of 

the  fire  area.  A.^  =  (step  ICa  +10b)  =_ 

d.  Calculate  the  opening  factor,  F  by  dividing  (J)  (step  3)  by 

27.5  X  (step  10c).  °  F  -  »  = 

°  27.5  A^ 

d.  Detemine  the  fuel  load,  w,  in  the  fire  area.  w=_ 

f.  Detemine  the  following  factor:  .715  A^W 

see  (step  3)  for  (f),  (step  4)  for  A,  and  (step  lOe)  for 

w.  .ns  A.W  ^  _ 

<t>‘ 

g.  Using  Figure  2.1,  detemine  the  temperature  using  (step  lOf) 

for  one  coordinate  and  (step  lOd)  to  select  the  proper 
curve.  T“__ 

h.  Calculate  the  volume  of  Che  fire  area.  V»=__ 

11.  Heat  Stored  by  Upper  Room  Air: 

Determine  Che  amount  of  heat  stored  by  the  warn  upper  room 
air  which  must  be  released  for  cooling  by: 

a.  Subtract  400“f  from  the  upper  room  air  temperature 

(step  lOg)  T  -  400 

b.  Calculate:  one  percent  of  the  room  volume  (step  lOh) . 

.OlV  =_ 

c.  Detemine  Che  product  of  (step  11a)  and  (step  11b). 

.01V(T-400) 


A 


IL. 


12.  Fire  Flow: 

Detemine  the  fire  flow  by  dividing  the  rate  of  heat  release 
from  the  fire  ^(step  8)  for  fuel  controlled  fire,  (step  9  plus 
step  11c  for  ventilation  controlled  fires)^  qp  by  4680. 

G 

4660 
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5.  Cor.trcl 


of  Fire: 


icnaiiibr 


DeteiTiine  if  fire  is  fuel  or  ventilation  controlled  by  dividing 
0  (step  3)  by  A,  (:teo  4).  ** 

If  _  _>  3.22  fire  is  fuel  ccntrolled;  croceed  to  step  6. 

Af 

If  ^  <  3.22  fire  is  ventilation  controlled;  proceed  directly  to 
step  9. 


6.  Fuel  Coenposition: 

Detennine  if  the  combustiblG  materials  are  mostly  cellulosic 

and  circle  the  appropriate  answer.  Yes  Ko 

If  no,  proceed  to  step  7 

If  yes,  proceed  directly  to  step  8  and  assume  y  “  1*0 


7.  Fuel  Composition  Factor,  y: 


a.  Determine  the  composition  of  the  fuel  in  the  fire  area 
excluding  cellulosics  e.g.  synthetics,  flammable  liquids, etc. 

b.  Note  the  percentage  of  the  total  amount  of  combustibles  which 
each  type  of  fuel  comprises  (by  weight)  in  the  top  row  of  the 
cable,  below. 

c.  In  the  second  row,  note  the  heat  of  combustion,  AH^,  for  each 
type  of  fuel. 


Combustible  Materials 


=r 

“2“ 

=r 

4 

5 

T~ 

~5~ 

—nr 

Total 

Fuel  Type 

X 

Z  of  total 

100 

Heat  of  Combustion,  AH 

X 

(Z  of  total)x(I.H  )  ^ 

■ 

- 

— 

— 

— 

d.  Sum  of  the  (Z  of  total)  x  (AH  )  for  combustibles:  _ 

e.  Calculate  the  percentage  of  ail  combustible  materials  in 
the  fire  area  which  are  cellulosic  (by  weight).  Z  cellulosic 

f.  Multiply  the  percentage  of  cellulosics  (step  7e)  by  8000. 

8000  X  Z  of  cellulosic 

g.  Add  the  quantity  in  (line  7d)  to  (line  7f)  and  divide  by 
£000  to  obtain  y 


(step  7d)  +  (step  7f)_ 
8000 


8.  Rate  of  Heat  Release,  Fuel  Controlled  Fires: 


Determine  the  rate  of  heat  release  from  fuel  controlled  fires  by  ' 
multiplying  the  fuel  surface  area,  A^  (step  4),  by  610  and  the  fuel 
cenpesitio:;  factor,  y  (step  7f  or  assume  l.C) 

q_  «  610  X  Y  X  A^  * 

Proceed  to  step  12 
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Cclcul'-::  on  Techn:' cue  SL'-:r'..3rirrd 

Tills  section  presents  the  resulting  approach  for  a  theoretically  bases 
calculatior.  technique  for  deteminir.g  the  required  amount  of  water  fcr  fire 
prctectlcn.  The  technique  is  based  on  the  application  of  water  to  absorb  the 
heat  release  rate  from  the  fire  and  to  cool  the  upper  room  air  temperature. 
The  technique  is  presented  in  steps  for  simplicity. 

1.  Fire  Area; 

Select  the  largest  area  of  the  building  within  a  one  hour 

fire-rated  compartment  Location  of  fire  area: _ 

2.  Unprotected  Openings: 

For  the  boundary  enclosure  of  the  selected  area,  note  the 
dlmenslois  of  all  unprotected  openings,  e.g.  doors,  windows, 
etc.,  in  feet.  Complete  the  table  below  by  calculating  the 
area  for  each  opening,  the  At^  factor  and  summing  the  A/h~ 
factors . 


■  ,  1 

1 

2 

3 

4 

_ 1 

5 

1 

6 

7 

8 

9 

10 

Total 

width  (2.)  1 

• 

- 

. 

* 

X 

GSBsaaDS 

1 

X 

Urea  (A)  I 

rzn 

X 

— 

— 

— 

— 

— 

— 

— 

— 

■■HI 

3.  Ventilation  Parameter,  4i: 

Determine  Che  ventilation  parameter,  by  multiplying  Che 
total  of  all  the  A»1i~  factors  obtained  in  (step  2)  by  27.5. 

0- 

A.  Fuel  Surface  Area,  A^: 

Calculate  the  surface  area  of  all  combustibles  In  the  fire 
area.  Where  possible,  simplify  the  procedure  by  selecting 
"rectangular  boxes"  of  combustibles  and  computing  the  area 
of  the  four  sides  and  top.  Use  the  table  below  for  this 


process  or  any  other  appropriate  method  for  calculating  A^ 
the  total  of  the  areas  for  the  sides  and  top  is  A^. 

Rectangular  Boxes  of  Combustibles^ 


1 

— 2“ 

3 

4 

f~5~ 

— 5“ 

— 7“ 

— 3“ 

“nr 

Tots. 

length  (1) 

“1 

X 

width  (b) 

X 

height  (h) 

X 

arec-lcr.z  sides  (2;i.h) 

area-short  sides  (2bh) 

_ 

■■I 

■B 

■i 

■1 

■i 

BM 

■I 

BB 

BH 

immi 

A^«  2Zh  +  2bh  +  £b  • 


_  FIGURE  15 

James  A.  Milke  (Unpublished  Paper,  University  of  Maryland,  1980) 
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rating  methodology  used  in  the  current  Gage-Babcock  model  and  other  related 
methods  for  determining  required  fire  flow  for  structural  buildings,  itie 
similarities  and  differences  between  methods  appear  to  be  significant  in 
making  any  appropriate  adjustments  in  the  current  block  rating  methodology. 

H.  Theoretical  Method 

Figure  15,  on  pages  45  through  47,  offers  a  theoretical  method  for 
calculating  risk  that  has  been  developed  by  Milke  in  an  unpublished  paper  at 
the  University  of  Maryland.  Ttje  variables  associated  with  this  method  are 
important  as  a  cxmparison  to  the  Gage-Babcock  method.  The  concepts  presented 
are  useful  in  making  appropriate  adjustments  in  the  current  methodology. 


IIIEDED  FIRE  FLOW  (300) 


Block  or  coapltx  boundary  (by 
•traeCt  or  oChar  daacript ion) : 


Fire  Flov  nuaber 


Addreas  and  occupancy; 


Fire  area  conaidcred;  BaaemenC  Yes 


If  yea,  uaed?  Yea 


Conatruccion  Claaa 


Construction  Coefficient  (F) 


Ground  floor  area 


Nuffibi.-r  of  stories 


Effective  total  area 


Fron  Cable 

Occupancy  conbuatibil icy  class 
FacCor  for  Exposure  ( X ^ )  [  |  ‘ 


None  Chargeable 


Occupancy  factor  (0^) 


Expoaed  Wall  (Check  appropriate  box ) 

Fire  Bldg.  (L)  (H)  Openings^ 

Wall _  Distance  Length  Height  (L;x(H)  1,3  2,4,546 

Blankl Ocher  (feet)  (feet)  (Stories)  U  I  S  |  B 


gpB  (310) 


(X.) 

Tabla‘330.A. 


Front 


G,  Risk  Measurement  and  Water  Supply 

Salzberg  (et  al)  considered  water  application  as  a  function  of  time  to 
control  both  residential  and  non- residential  fires.  Itie  non-res idential 
classification  appears  important  to  the  information  base  associated  %nth  the 
conflagration  study.  It  is  important  to  note  that  the  agreement  of 
quantitative  data  appears  to  be  good  based  on  event  analyses  conducted  in 
Buena  Park,  California;  Chicage,  Illinois;  New  York,  New  York;  White  Plains, 
New  York;  and  Los  Angeles,  California  (17). 

This  study  documents  four  relevant  linear  equations  for  expressing  the 
interrelationships  between  fire  areas,  time,  and  water  application.  Figure 
13,  taken  from  tlie  report,  depicts  both  the  reported  curve  plots  and  the 
respective  equations.  Values  obtained  frcm  this  analysis  can  be  compared  to 
and  contrasted  with  other  study  methods. 

In  1980,  the  Insurance  Services  Office  (ISO)  significantly  revised  a 
major  insurance  company  approach  to  determining  needed  water  demand  for  fire 
in  buildings.  iTie  current  conceptual  techniques  consider  most  of  the 
determining  factors  used  in  the  Gage-Babcock  conflagration  model.  It  should 
be  noted  that  the  ISO  Needed  Fire  Flow  methodology  gives  ^>ecial  significance 
to  the  factors  associated  with  exposure  conditions  and  factors  of 
communication  between  fire  areas.  Both  of  these  factor  areas  are  important  to 
the  measurement  of  conflagration  potential. 

Figure  14  is  the  basic  procedural  sheet  for  determining  needed  fire  flow 
by  the  ISO  method.  This  methodology  can  be  cross-compared  to  both  the  block 

17.  Sulzberg,  Frederic.  Fire  Department  Operations  Analysis.  Chicago; 

Illinois  Institute  of  Technology.  (OCD  Work  Unit  25  22  F) ,  1970. 


F,  Firebreaks 

Firebreaks  are  important  for  consideration  in  the  ness  fire  and 
conflagration  phenomena.  Eggleston  has  researched  this  topic  and  the 
following  numerical  considerations  come  from  his  work.  Again,  the  mxnerical 
values  can  be  cross-correlated  to  exposure  separation  conditions  and 
requirements. 

Eggleston  indicates  that  it  is  generally  accepted  that  a  conflagration  or 
mass  fire,  onco  well  established,  is  not  apt  to  be  halted  until  the  fuel  array 
is  broken  by  some  natural  or  human-built  barrier  (16).  In  a  study  of  the 
potential  effects  of  nuclear  weapons,  a  firebreak  probability  chart  was 
arranged  (Figure  12) . 

From  his  owi  review  of  the  literature,  Eggleston  notes  that  fire  s?>read 
studies  at  Stanford,  URS  Research  Corporation  and  the  Illinois  Institute  of 
Technology  Research  Corporation  have  indicated  that  after  the  first  10  hours, 
the  area  in  which  50  percent  of  the  buildings  were  burning  or  burned  would  lie 
in  the  wind  path  at  a  distance  in  excess  of  five  miles  from  the  blcx:k  of 
origin,  without  adecjuate  firebreaks.  Adequate  firebreaks  in  this  case  are 
cx>nsidered  to  be  separations  of  300  feet  or  more.  Going  back  to  the  Gage- 
Babcock  conflagration  model,  the  firebreak  distance  effectiveness  measures  are 
based  on  block  ratings  of  70  or  more. 


16.  Eggleston,  Lester.  Fire  Defense  Systems  Analysis.  (Application  of 
Concepts  to  the  San  Jose  Metropolitan  Area  -  Fital  Report) . 


From  the  indicated  charts  and  references  it  is  demonstrated  that  the 
more  noticeable  changes  in  flame  properties  associated  with  increasing 
values  of  the  vertical  velocity  in  the  free  air  stream  with  limits  of 
0  to  2  m/s  are  of  the  following: 

1.  50.6  percent  reduction  in  the  volune  with  limits  of  0  to  2  n/s  of 

the  flame  front  of  the  wall; 

2.  54.3  percent  reduction  in  the  buoyancy  force  (N'^)  acting  on  the 

part  of  the  flame  in  front  of  the  wall; 

3.  51.2  percent  increase  in  volunetric  release  rate  and 

4.  36.5  percent  in  the  radiant  heat  flux  at  the  top  of  Idle  well. 

A  possible  maximnn  increase  in  burning  rate,  over  the  single  wall  case, 
on  the  order  of  40  percent  corresponding  to  a  wall  spacing  about  equal  to  20 
percent  of  the  wall  height  can  be  concluded  from  analysis  of  this  study. 
Confirmation  of  this  estinnate  from  the  data  obtained  in  this  program  is  not 
fully  conclusive  and  the  development  of  a  more  complete  analysis  is  probably 
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_  FIGURE  10 

ancesco  Tamaninl,  "Calculations  and  Experiments  on  the  Turbulent  Burning  of  Vertical  Walls  in 
Single  and  Parallel  Configurations,"  Factory  Mutual  Research,  1979  -  p.  37. 
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Building  Separatians  (normal  conditions) 
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J.  H.  McGuire,  "Fire  and  the  Spatial  Separation  of  Buildings,:" 
Vol.  1  No.  4,  November  1965,  p.  279. 


9 


FIRE  TECHNOLOGY 


Figures  8  and  9  are  taken  from  McGuire's  study.  They  indicate  that  if  the 
separation  distance  is  as  specified,  it  is  reasonable  to  expect  that  flame 
spread  will  not  take  place. 

Tamanini  reports  that  parallel  wall  configurations  appear  to  present  a 
special  burning  phenomenon  (15).  For  the  "pure  case"  of  parallel  walls  with 
equal  height  and  width  dimensions,  the  research  shows  that  the  burning  rate 
seems  to  remain  constant  over  a  fairly  wide  range  of  wall  spacings,  and 
exhibit  a  behaviour  that  should  be  expected.  This  is  illustrated  by  starting 
from  the  situation  of  walls  infinitely  far  apart  (started  as  the  single  wall 
limit),  the  burning  rate  first  increases  as  the  spacing  is  reduced,  then 
drops.  Therefore,  there  is  a  value  of  spacing  for  which  the  burning  rate 
reaches  a  maximum. 

The  points  in  Figure  10  from  the  referenced  study  suggest  that  fuel 
production  at  low  wall  spacings  is  controlled  by  convective  heat  transfer,  as 
indicated  by  the  fact  that  burning  rate  measurements  for  different  fuels  tend 
to  come  closer  to  one  another. 

The  study  of  radiation  is  limited  to  changes  in  the  radiative  heat  flux 
to  exposed  surfaces  and  how  this  impacts  on  corresponding  changes  in  burning 
rates.  The  resultant  relationship  shown  in  Figure  11  is  also  from  the 
same  study.  This  illustration  appears  to  be  important  for  constructing  a 
more  simplified  relationship  indexing  the  wall,  height,  and  separation  factors 
for  exposure  condition  analysis. 

15.  Tamanini,  Francesco.  "Calculations  and  Experinents  on  Turbulent 
Burning  of  Vertical  Walls  in  Single  and  Parallel  Configurations". 
Norwood  (MA);  Factory  Mutual  Research,  1979,  p,  33. 
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SECTION  V 
Validation  Studies 


A.  Overview 

E^se  I  of  this  study  identifies  several  important  numerical  changes  that 
are  in  order  for  the  original  local  assessment  guide  docunent,  "A  System  for 
Local  Assessment  of  the  Conflagration  Potential  of  Urban  Areas",  ■rtie 
suggested  changes  aure  incorporated  into  a  new  dociment.  Local  Assessment  Guide 
for  Conflagration  Analysis;  System  II .  Ttiree  separate  validation  studies 
were  conducted  using  this  docunent  during  the  sirnner  and  fall  of  1982, 

Results  of  this  first  validation  study  are  reported  below. 

Phase  II  of  this  study  was  devel<^)ed  from  the  results  and  conclusions 
drawn  from  the  first  study  phase.  As  reported  in  earlier  sections,  Phase  II 
involved  a  second  set  of  modifications  to  the  individual  block  rating  analysis 
and  provides  a  new  methodology  for  assessing  fire  spread  between  blocks,  ihe 
validation  of  this  work  is  also  discussed  below. 

B,  First  Validation  Process 

The  initial  modification  to  the  local  assessment  guide  was  first  tested 
with  a  group  of  32  fire  protection  engineering  students  at  the  University  of 
Maryland.  The  validation  process  consisted  of  each  student's  completing  a 
rating  form  for  the  sample  block  that  is  currently  used  in  the  study  docinent 
using  both  the  original  methodology  and  the  revised  methodology.  A 
comparative  analysis  was  made  of  the  ratings.  Each  student  %bs  also  required 
to  submit  positive  and  negative  conments  on  both  approaches  to  td^e  concept  of 
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block  rating  analysis  for  conflagration  determination,  itie  main  thrust  of 
these  remarks  pertaining  to  both  methods  is  as  follows: 

1.  The  fuel  load  parameter  should  incorporate  a  joint  concept  of  fire 
growth  and  fire  severity; 

2.  Itje  method  for  evaluating  structural  walls  is  oversimplified.  Each 
wall  should  receive  an  evaluation  based  on  surface  area,  construction, 
and  wall  openings; 

3.  The  method  for  evaluating  roofs  is  oversimplified,  Ttie  roof 
evaluation  should  eilso  consider  the  roof  covering  aurvl  the  roof  supporting 
members;  and 

4.  Buildings  up  to  and  including  five  stories  should  be  evaluated 
according  to  individual  story  height  and  not  combined  into  height  groups. 
The  mathematical  model  was  refined  to  aKxonnodate  these  suggestions  in 

accordance  with  quantitative  factors  determined  from  the  literature  search. 

In  the  fall  of  1982,  a  second  validation  study  was  conducted  in  the  city 
of  Alexandria,  Virginia.  A  total  of  17  persons  participated  in  this  exercise. 
Ten  emergency  management  people  representing  the  C3ouncil  of  Governments  in  the 
Washington  area  were  combined  with  seven  fire  officers  from  Alexandria.  Ttie 
emergency  management  group  was  under  the  direction  of  Colonel  Chapman  while 
the  fire  department  group  was  directed  by  Chief  Charles  W.  Rule. 

Ttiis  group  evaluated  a  structural  block  in  the  historic  Old  Town  section 
of  Alexandria  using  both  the  original  methodology  and  the  revised  methodology. 
It  was  determined  from  interviews  with  both  fire  service  and  emergency 
management  participants  that  such  a  comparative  avialysis  was  necessary.  The 
basic  objectives  of  the  validation  process  were  twofold; 
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1,  to  determine  the  perceived  need  a^id  acceptance  of  the  revised 

nethodology  and 

2.  to  determine  the  consistency  in  computational  results. 

Each  participant  was  given  a  copy  of  both  methodologies  two  weeks  in 
advance  of  the  exercise.  A  sample  block  containing  buildings  was  presented  to 
the  group  and  worked  through  on  a  chalkboard  prior  to  introduction  of  the 
"real  world"  problem.  The  group  visited  the  site  and  walked  around  the 
subject  block. 

Each  person  worked  independently  on  the  block  rating  emialysis  by  both 
methods.  Completion  times  ran  from  3  1/2  to  5  hours;  one  person  did  not 
finish.  Both  oral  and  written  caments  were  received  on  the  exercise,  the 
raters'  nunerical  evaluations  are  presented  in  Figures  16  and  17. 


C,  Svirmary  of  the  First  Validation  Process  Findings 

1.  The  original  method  is  easier  to  comprehend  and  easier  for  computing 
the  block  rating. 

2.  The  revised  methodology  is  more  applicable  to  evaluating  mass  fire 
potential  in  urban  blocks  during  non  wartime  emergencies. 

3.  ■nie  change  in  fuel  loading  concepts  is  an  important  refinement  to 
the  revised  methodology. 

4.  The  individual  wall  analysis  in  the  revised  methodology  is  too 
complex,  too  time  consuning,  and  needs  to  be  simplified, 

5.  More  up-front  instruction  is  required  before  one  starts  to  apply  the 
methodology  to  a  real  world  situation, 

6.  The  time  required  to  complete  a  block  rating  analysis  by  either 
method  cannot  be  justified. 
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Figure  16 
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Sunmary  Evaluation  of  the  current  Gage-Babcock  Method  of  Conflagration  Analysis 


Factor  1-2  stories 

Calculation  Range 

High  Low 

Mean  Value 

1. 

Occupancy  Load 

18.0 

11.21 

17.5 

2. 

Exterior  Wall  Construction 

10.0 

1.1 

3.1 

3. 

Floor  Construction 

10.0 

7.86 

8.1 

7. 

Roof  Construction 

30.0 

18.6 

21.2 

9. 

Height  Distribution 

62.5 

14.0 

36.9 

Factor  3-5  stories 


1. 

Occupancy  Load 

18.5 

18.2 

18.3 

2. 

Exterior  Wall  Construction 

14.2 

0.0 

4.8 

3. 

Floor  Construction 

10.0 

0.0 

8.8 

7. 

Roof  Construction 

30.0 

22.32 

23.5 

9. 

Height  Distribution 

37.5 

16.0 

19.9 

Summations:  Column  Totals 


Summation  Rating 

84.52 

29.86 

41.4 

Density  Multiplier 

0.9 

0.6 

1.7 

Terrain  Multiplier 

1.0 

1.0 

1.0 

Final  Block  Rating 

65.2 

22.3 

33.37 

Standard  Deviation  for  the  Final  Block  Rating  «  13. A 
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Sunnnary  Evaluation  of  the  Revised  Methodology  for  Mass  Fire  Block  Analysis 


Factor 


1-2  Stories 


Calculation  Range 
High _ Low 


Mean  Value 


1.  Occupancy  Load 

18.0 

17.27 

17.5 

2.  Exterior  Wall  Construction 

21.0 

5.6 

7.8 

3.  Floor  Construction 

10.0 

7.86 

8.1 

7.  Roof  Construction 

37.2 

12.9 

33.6 

9.  Height  Distribution 

NA 

NA 

NA 

Factor  3-5  stories 

1.  Occupancy  Load 

18.5 

18.2 

18.3 

2.  Exterior  Wall  Construction 

28.2 

3.6 

12.8 

3.  Floor  Construction 

10.0 

0.0 

8.8 

7.  Roof  Construction 

17.8 

6.9 

11.3 

9.  Height  Distribution 

NA 

NA 

NA 

Susmatlons:  Column  Totals 

Summation  Rating 

131.4 

41.6 

89.4 

Density  Multiplier 

0.9 

0.6 

1.7 

Terrain  Multiplier 

1.0 

1.0 

1.0 

Final  Block  Rating 

121.6 

38.3 

77.1 

Standard  Deviation  for  the  Final 

Block  Rating  «  51.0 
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7.  The  methodology  selected  needs  to  be  computerized. 

8.  The  block  rating  analysis  is  probably  of  more  in^aortanoe  to  the  fire 
service  than  to  emergency  managanent  personnel. 

9.  This  appears  to  be  an  important  tool  for  city  administrators  in 
identifying  high-fire-risk  2u:eas  in  the  city. 

10.  A  companion  model  is  needed  to  measure  fire  spread  potential  between 
urban  blocks. 

D.  Second  Validation  Process 

The  second  round  of  validation  studies  had  the  mission  of  testing  the 
methodology  for  both  the  local  assessment  process  on  mass  fire  development  and 
fire  spread  between  urban  blocks.  It  is  important  to  identify  the  functional 
objectives  for  the  validation  process.  The  following  objectives  can  be 
evaluated  both  qualitatively  and  quantitatively. 

1.  Objective  1.:  To  assess  the  clarity  of  the  revised  local  assessment 
guide  for  each  type  of  evaluation; 

2.  Objective  2:  To  determine  if  the  revised  local  assessment  guide 
can  be  accurately  applied  by  local  government  personnel  without  external 
assistance; 

3.  Objective  2s  To  determine  if  local  government  personnel  can  apply 
the  revised  assessment  guide  to  a  given  urban  block  or  set  of  blocks  and 
obtain  essentially  the  same  block  rating;  and 

4.  Objective  4;  To  determine  if  the  validation  participants 
considered  the  indexing  system  for  measuring  block  rating  Impact  and  fire 
spread  probability  to  be  appropriate  for  the  intended  purpose. 


To  accomplish  the  overall  mission  of  the  project  and  to  evaluate 
objective  performance  in  applying  the  local  assessment  guideSr  an  extensive 
validation  process  was  cnndixrted  in  each  of  three  cities. 

The  selection  of  three  cities  for  the  program  validation  became  a  serious 
problem  that  significantly  lengthened  the  study  completion  time.  The  study 
proposal  suuggested  that  the  cities  of  Baltimore,  Maryland;  Chicago,  Illinois; 
and  Los  Angeles,  California  be  used  for  the  validation  process.  After 
numerous  contacts,  meetings,  and  referrals,  it  became  evident  that  none  of 
these  cities  would  cooperate  in  the  study  evaluation.  There  appear  to  be 
several  reasons  for  this  condition: 

1.  The  large  cities  perceive  that  conflagration  potential  has  been 
eliminated  by  urban  renewal  and  rebuilding  programs; 

2.  It  was  expected  that  the  federal  government  wtxald  pay  overtime  for 
personnel  involved  in  the  exercise;  and 

3.  The  required  information  base  concerning  buildings,  occupancies,  and 
land  use  are  not  in  place  to  conduct  the  exercise.  Too  much  time  would 
be  required  to  complete  this  information  prior  to  conducrting  the  study. 
Based  upon  the  above  conditicxis,  it  became  necessary  to  obtain  the 

cooperation  and  support  of  other  cities.  A  total  of  nine  additional  cities 
were  contacted  before  three  agreed  to  participate  in  the  validation  exercise. 
The  cities  that  participated  in  the  validation  program  were  Atlantic  City,  New 
Jersey;  Louisville,  Kentucky;  and  Syracuse,  New  York. 

The  validation  process  in  those  cities  started  in  December,  1983,  and 
concluded  in  March,  1984.  The  key  elanents  of  this  process  can  be  sunmarized 


as  follows: 


1.  An  initial  site  visit  ves  made  by  the  principal  investigator  to  each 
of  the  cities.  This  visit  was  aimed  at  outlining  the  scope,  method,  and 
objectives  of  the  validaton  study  and  obtaining  a  specified  oomitment  to 
participate  in  the  exercise.  At  this  time  one  or  more  blocks  were 
identified  for  the  block  rating  analysis.  Records  and  maps  were  checked 
to  determine  that  the  required  information  was  in  place  or  readily 
available  for  use  by  the  participants.  It  was  also  requested  that  a 
person  be  identified  as  a  responsible  contact  person  to  represent  the 
respective  cities  and  to  coordinate  the  activities  of  local  people.  The 
person  or  persons  so  named  are  identified  on  page  61.  in  every  case,  the 
highest  level  of  cooperation  and  involvement  was  demonstrated  by  the 
respective  cities. 

2.  Each  city  was  supplied  with  15  copies  of  the  local  assessment  guide 
for  both  the  mass  fire  development  model  and  the  fire  spread  model 
between  adjacent  blocks. 

3.  Five  teams  of  two  persons  each  were  to  be  named  in  each  city.  The 
team  participants  were  instructed  to  read  each  of  the  local  assessment 
guides  and  raise  questions  as  necessary. 

4.  Each  city  was  to  complete  the  "A"  form  for  the  mass  fire  spread 
analysis  on  each  building  in  the  selected  block  and  for  buildings  in  the 
selected  adjacent  block, 

5.  Target  dates  were  set  for  completing  the  actual  validation  study. 
These  dates  ranged  from  one  month  to  three  months.  In  some  cases  the 
dates  were  changed  as  many  as  three  times  because  of  local  circimstances. 

6.  The  validation  exercise  required  two  separate  days  in  each  of  the 
validation  cities. 
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7.  An  oral  critique  was  held  at  the  end  of  each  validation  program. 
Written  comments  were  also  obtained  from  most  of  the  participants. 

Summary  of  the  Second  Validation  Process  Findings 

1.  In  one  of  the  three  cities,  the  **A"  forms  were  nicely  and  accurately 
prepared  without  assistance.  The  principal  investigator  needed  to  assist 
two  of  the  cities  in  completing  the  "A"  forms. 

2.  Most  of  the  questions  concerning  the  "A"  form  revolved  around 
interpretations  for  completeing  wall  calculations. 

3.  Two  problems  2u:ose  that  were  not  adequately  covered  in  the  local 
assessment  guide  supplied  to  the  cities  - 

a.  The  study  methodology  made  no  provision  for  fire  commirtication 
by  area  ways  and  overhead  connectors  and 

b.  The  fuel  parameters  for  vacant  buildings  were  not  identified 
(there  is  still  no  agreement  on  this  issue) . 

4.  The  basic  data  base  for  each  block  evaluation  was  made  from  existing 
Sanborn  maps.  However,  between  a  half  day  and  a  full  day  of  field  work 
was  required  in  each  case  to  check  on  current  structural  and  occupancy 
considerations. 

5.  A  variety  of  problems  occurred  in  the  preparation  of  Form  "B". 

These  conditions  can  be  summarized  as  follows: 

a.  Several  of  the  participants  needed  a  review  in  mathematical 
functions  including  methods  for  taking  a  percent  of  a  number  and 
then  converting  it  back  to  a  whole  nurrber. 


b.  "rtie  concept  of  pro-rata  etfialysis  was  especially  bothersome  to 
some  participants  as  this  concept  related  to  categorizing  buildings 
by  height  and  area  of  the  land  cover. 

c.  Simple  mathematical  errors  brought  frustration  to  some  of  the 
participants. 

d.  In  an  few  cases  one  member  of  the  two-person  team  did  a  "lion's 
share"  of  the  work.  However,  in  most  cases,  the  cooperative  effort 
between  participants  was  very  good. 

6.  It  can  be  conlcuded  that  the  local  assessment  guide  problem  example 
was  oversimplified  from  the  actual  blocks  encountered.  Participants  did 
not  know  how  to  handle  problems  that  were  not  addressed  in  the  respective 
guides.  Seme  intermediate  ground  rules  were  required  during  each 
exercise. 

7.  It  was  not  possible  to  complete  an  individual  block  rating  and  a 
fire  spread  rating  in  the  same  day  with  any  of  the  validation  cities. 

The  process  is  too  time  consuming  even  with  the  use  of  hand-held 
calculators. 

8.  Ihe  most  severe  problems  developed  during  the  completion  of  form 
"C".  Under  the  methodology  tested,  it  was  necessary  to  first  complete  a 
form  "B"  for  the  exposed  block.  Then  additional  field  work  was  required 
to  check  on  wall  faces,  heights,  areas,  and  wall  opeinings.  There  was 
disagreement  among  the  participants  in  making  visual  estimates  on  a 
percentage  base.  Further,  the  process  could  not  continue  in  any  of  the 
validation  cities  without  the  direct  intervention  and  assistance  of  the 
principal  investigator.  It  can  be  concluded  that  the  methodology  is 
overly  complex  and  requires  too  neny  hand  calculations  to  be  practical. 


9.  The  level  of  agreement  among  participants  in  each  of  the  named 
cities  can  be  considered  good.  Figure  18  presents  the  block  rating 
values  according  to  each  team  by  a  substitute  city  letter  designation  for 
the  city  name.  Tbe  anonymous  designation  was  requested  by  each  of  the 
cities  participating  in  the  exercise.  The  following  points  are 
associated  with  the  numerical  evaluation  presented  in  Figure  18. 

a.  The  level  of  agreement  appears  to  be  higher  in  the  cities  that 
were  better  prepared  for  the  exercise  by  a  thorough  study  of  the 
local  assessment  guide; 

b.  Teams  that  presented  widely  divergent  block  ratings  appear  to 
have  had  considerable  difficulty  with  both  the  mathematics  involved 
and  the  use  of  a  calculator;  and 

c.  Agreement  can  be  obtained  on  a  given  block  by  different  raters 
using  the  same  data  base  and  calculation  methods. 

10.  Each  of  the  participants  was  asked  to  assign  a  numerical  block  value 
to  the  subject  block  in  each  respective  city  based  on  his  or  her 
professional  judgement  and  the  rating  scale  depicted  on  page  17  of  the 
local  assessment  guide.  Ttie  results  of  the  perceived  rating  zurtd  the 
calculated  rating  are  compared  in  Figure  19.  An  interpretative  analysis 
of  this  information  leads  one  to  believe  that  there  is  no  quantifiable 
reason  for  adjusting  the  benchmarks  between  classifications  at  this  time. 

F.  Second  Validation  Process  Observations 

The  study  validation  process  conducted  in  Louisville,  Kentucky;  Atlantic 
City,  New  Jersey;  and  Syracuse,  New  York  was  well  supported  by  each  fire 
department.  In  each  case  the  fire  department  administration  appeared  pleased 
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at  the  opportunity  to  participate  in  the  validation  exercise.  The  following 
individuals  should  be  singled  out  for  special  recognition  in  coordinating  the 
validation  activities  in  each  of  the  stated  cities; 

1.  Louisville,  Kentucky:  Conitiuni  cat  ions  Superintendent  Anthony  Gray 
and  Fire  Prevention  Sargent  Osterritter. 

2.  Atlantic  City,  New  Jersey;  Chief  John  Brenner  and  Chief  Speed. 

3.  Syracuse,  New  York:  Timothy  A.  DeRuyscher,  Fire  Protection 
Engineer. 

Observations  based  on  the  study  validation  process  in  each  of  the  named 
cities  can  be  divided  into  four  areas  for  reflection.  A  discussion  on  each 
area  follovs: 

1.  Positive  Considerations 

a.  Ihe  local  assessment  guide  for  determining  mass  fire  spread  in 
urban  areas  and  fire  spread  between  urban  blocks  is  an  important  new 
tool  for  risk  management  by  fire  department  administrators. 

b.  The  structural  risk  assessment  package  is  an  important 
replacement  for  the  structural  grading  recently  deleted  from  the 
Insurance  Services  Office  Fire  Suppression  Rating  Schedule. 

c.  There  is  a  sense  of  agreement  between  the  participating  fire 
departments  that  the  National  Fire  Academy  should  have 
responsibility  for  instruction  on  the  correct  and  consistent  use  of 
the  stated  local  assessment  guides.  The  Executive  Series  programs 
on  risk  management  appear  to  be  a  logical  area  for  this  program's 
implementation . 

d.  The  application  of  both  local  assessment  guides  appears 
advantageous  for  resource  management  in  cities  with  population 
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2.  "rtie  nethod  of  computing  fire  spread  between  block  areas  is 
excessively  complex  in  the  present  form  for  the  intended  purpose  of  local 
assessment  analysis. 

Supplemental  Statement;  It  vas  generally  agreed  among  the  study 
participants  that  the  mechanism  for  determining  the  probability  of  fire 
^read  is  overly  complex  and  theoretical  for  the  purpose  intended.  The 
method  simply  does  not  appear  to  be  practical  for  local  government  use. 
This  observation  is  supported  even  if  the  methodology  is  computerized. 
There  is  strong  support  for  the  concept  that  only  three  variables  are 
necessary  for  an  approximate  calculation: 

1.  Itie  block  rating  of  the  exposure, 

2.  The  block  rating  of  the  exposed  block,  and 

3.  A  probability  factor  based  on  the  gap  width  between  blocks. 

■rtiis  suggested  alternative  to  the  study  methodology  has  not  been 
evaluated  or  tested. 

3.  Hie  local  eissessment  guide  supplied  to  the  three  named  validation 
cities  does  not  provide  sufficient  d^th  and  clarity  for  use  by  local 
government  without  further  instruction  and  assistance  in  specific 
applications. 

Supplemental  Statement;  The  number  of  questions  concerning  use  of  the 
application  guide  and  the  degree  of  difficulty  in  applying  the  guide 
appears  to  be  a  direct  function  of  participant  preparation.  In  one  of 
the  validaton  cities  the  participants  had  obviously  studied  the  guide  in 
detail  before  the  ^^licaton  exercise.  The  participants  in  this  case 
exhibited  only  minor  problems  and  the  block  ratings  were  quite  uniform. 
Hie  remaining  two  cities  experienced  more  difficulty  because  the  degree 
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large-scale  disaster  problem  and  the  potential  magnitude  of  that  problem. 
Therefore,  it  follows  that  the  assessment  guide  needs  to  be  carefully 
considered  for  incorporation  into  the  framework  of  the  integrated 
emergency  management  system  approach  to  emergency  preparedness.  This 
tool  appears  important  to  the  evaluation  process  for  considering  crisis 
relocation  requirements,  comunication  needs,  emergency  direction  and 
control,  continuity  of  local  government,  resource  management,  and  law  and 
order  in  the  event  of  a  large  scale  fire  problem. 

B.  Conclusions  Relating  to  the  Local  Assessment  Guide 

The  positive  indicators  listed  above  concerning  the  concepts,  framework, 
and  understandings  associated  with  the  revised  local  assessment  guide  are 
tempered  by  an  identified  list  of  concerns  pertaining  to  the  final  phase  of 
the  stated  study.  The  concluding  concerns  appear  as  follows: 

1.  The  respective  methods  for  computing  individual  block  ratings  and 
fire  spread  probabilities  between  urban  blocks  are  labor  intensive, 
requiring  unjustifiable  personnel  times. 

Supplemental  Statement  i  It  was  the  unanimous  opinion  of  study 
participants  that  the  actual  calculation  requirements  should  be 
progranmed  for  suitable  calculators  or  computerized.  The  program  as  it 
exists  will  not  be  well  received  by  the  fire  service  because  of  the  time 
conmitment  required  to  perform  necessary  calculations.  It  further 
appears  that  the  calculation  program  could  be  incorporated  into  fire 
department  surveys  and  inspection  programs.  It  was  observed  that  the 
basic  information  required  for  block  rating  analysis  is  contained  on  the 


building  information  data  forms  currently  used  by  many  fire  departments. 


interested  in  the  methodology  set  forth  in  this  study  as  a  means  for 
evaluating  large-scale  risk  conditions. 

6.  The  assessment  guide  is  appropriate  for  determining  the  relative 
structural  risk  potentials  in  a  conmnity  on  a  quantitative  base. 
Supplemental  Statement :  Fire  protection  risk  analysis  is  important  to 
fire  service  administrators  and  municipal  administrators.  Fire  officers 
are  being  educated  on  risk  management  at  the  National  Fire  Academy. 
Currently,  the  risk  management  course  is  concerned  with  the  evaluation  of 
single  buildings  or  a  small  industrial  complex;  a  methodology  does  not 
appear  to  be  in  place  for  examining  large-scale  fires,  fires  involving 
entire  blocks  or  conflagration.  The  revised  local  assessment  guide  could 
be  an  important  addition  to  the  current  method  of  fire  risk  analysis  in 
the  Executive  Series  of  courses  at  the  National  Fire  Academy. 

It  is  currently  understood  that  large-scale  emergencies  and 
comnunity  disasters  require  an  integrated  approach  to  the  successful 
management  of  these  events.  This  implies  that  the  directors  from  a 
mvriicipality  or  local  government  agency  must  become  involved  in  both  the 
planning  and  operation  of  large  scale  emergencies.  At  the  comminity 
level  this  certainly  involves  fire,  emergency  management,  police, 
highway,  water  supply,  communications,  building,  health,  utility,  and 
relief  agencies,  and  the  clergy,  ihe  initial  problem  is  to  identify 
conminity  threats  before  they  become  realities,  ihe  identification 
process  must  consider  both  the  potential  location  for  a  large  scale  event 
and  the  predicted  severity  of  that  event. 

Ihe  local  assessment  guide  for  irass  fire  potential  and  fire  spread 
between  urban  blocks  is  an  obvious  tool  for  identifying  one  type  of 


rated  under  existing  conditions.  Alternative  ratings  can  be  computed  on 
the  basis  of  a  change  in  variables.  Ihe  comparison  of  these  two  ratings 
can  demonstrate  the  potential  benefits  of  change  for  a  given  set  of 
conditions.  The  "before”  and  "after"  evaluations  can  illustrate  how  an 
identified  risk  condition  can  be  reduced. 

5.  The  assessment  guide  is  appropriate  for  determination  of  the 
relative  risk  assessments  for  structural  conditions  as  an  alternative  to 
the  disbanded  cannunity  structural  gradings  previously  provided  by  the 
Insurance  Services  Office. 

Supplemental  Statement;  Prior  to  1974,  the  Insurance  Services  Office 
Grading  Schedule  for  Municipal  Fire  Protection  (formerly  the  National 
Board  of  Fire  Underwriters'  Grading  Schedule)  contained  an  evaluation 
section  relating  to  the  structural  conditions  in  a  city.  A  city  wide 
classification  number  on  a  scale  of  1  to  10  provided  the  insurance 
industry  with  an  evaluation  of  the  structural  risk  level  in  relation  to 
construction,  occupancy,  and  fire  spread  characteristics.  Individual 
blocks  were  also  assessed  for  their  individual  conflagration  potential 
although  this  evaluation  was  more  of  an  engineering  judgement  than  a 
quantitative  analysis. 

The  structural  evaluation  process  has  been  deleted  in  the  current 
Fire  Suppression  Rating  Schedule  that  replaced  the  earlier  grading 
schedule.  Fire  officers  in  all  three  validation  cities  involved  in  this 
study  perceived  that  the  revised  local  assessment  guide  is  an  important 
replacement  for  the  old  structural  gradings  prepared  by  the  insurance 
industry.  It  appears  possible  that  the  insurance  industry  might  be 


the  fire  problem.  A  number  of  different  techniques  have  been  used  to 
identify  the  problem.  Many  of  these  techniques  have  been  subjective  in 
nature  and  non-quant if iable.  Tbe  block  rating  method  provides  an 
intelligent  alternative  to  current  methods  for  identifying  structural 
risk  fire  demand  zones. 

In  tiiis  regard  it  is  acknowledged  that  different  risk  levels  require 
different  complements  of  personnel  and  equipment  to  cope  with  the  defined 
problem.  The  block  rating  concept  could  be  important  in  establishing 
adaptive  response  criteria  as  a  function  of  the  perceived  fire  spread 
threat.  Fire  demand  zone  values  are  useful  with  fire  station  location 
models  for  analyzing  the  impact  of  alternative  resource  allocation  plans. 

Further,  the  nunerical  analysis  provided  by  the  block  rating  method 
provides  an  output  indicator  for  educating  the  public  on  the  potential 
threat  of  fire  development  in  given  blocks.  Both  urban  administrators 
and  citizens  in  the  cotnnunity  can  readily  understand  the  simple  indexing 
system.  Beyond  the  area  of  fire  protection,  such  information  can  be 
effectively  used  in  conmvnity  action  programs. 

4.  The  assessment  guide  is  appropriate  for  determining  the  fire  safety 
impact  of  urban  renewal  efforts  through  the  assessment  of  "before"  and 
"after"  results  of  structural -occupancy  changes. 

Supplanental  Statement :  The  merits  of  this  item  became  recognized 
during  the  Phase  II  validation  study.  Senior  fire  officers  from  the 
Syracuse  Fire  Department  indicated  that  the  analysis  of  "before"  and 
"after"  affects  of  a  block  assessment  could  be  extremely  useful  in 


evaluating  the  demolition  or  rehabilitation  of  buildings  and/or  occupancy 
changes  as  functions  of  area  risks.  In  other  words,  city  blocks  can  be 


building  may  be  reflected  in  computed  insurance  premiuns  or  in  needed 
fire  flow.  However,  the  only  currently  identified  method  for  making  this 
assessment  at  the  block  configuration  level  is  the  mass  fire  ^read 
program  discussed  in  this  study.  Computed  block  ratings  can  be  used  to 
compartmentalize  selected  blocks  according  to  negligible,  slight, 
moderate,  or  high  probability  of  fire  spread.  These  block  ratings 
plotted  on  urban  land  use  maps  represent  solid  and  concrete  planning 
information  for  identifying  potential  camunity  fire  problem  areas. 

2.  The  assessment  guide  is  appropriate  for  determining  the  relative 
probability  of  fire  spread  between  urban  blocks  given  a  well  developed 
fire  in  a  single  block. 

Supplemental  Statement;  A  second  phase  to  the  initial  study  was 
initiated  in  1983  to  develop  a  quantitative  method  for  determining  the 
probability  of  fire  spread  between  urban  blocks  under  the  conditions  of  a 
well  developed  fire  in  the  exposing  block.  The  method  discussed  in  this 
report  develops  a  relative  probability  measure  for  making  this  assessment 
under  several  sets  of  assumed  wind  conditions.  The  complexity  of  the 
current  analysis  process  dictate's  that  further  work  is  needed  to  provide 
local  assessment  programs  with  a  more  practical  methodology.  However, 
the  basic  concept  of  fire  ^read  analysis  is  an  important  adjunct  to  the 
primary  block  rating  analysis. 

3.  The  assessment  guide  is  appropriate  for  determining  different 
quantitative  indicators  for  fire  demand  zone  identification. 

Supplemental  Statement ;  For  the  last  decade,  the  American  fire  service 
has  been  interested  in  identifying  areas  of  the  conimnity  that  required 
higher  than  normal  complements  of  personnel  and  fire  apparatus  to  handle 
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The  mission  of  this  study  to  structure  a  local  assessment  guide  for 


determining  mass  fire  development  potential  in  urban  blocks  emd  the 
probability  of  fire  spread  in  urban  blocks  was  well  received  and  suK»rted  by 
all  persons  involved  in  the  validation  study.  No  one  voiced  or  recorded  any 
reason  not  to  pursue  and  expand  this  program.  Computed  block  ratings  amd  fire 
spread  probability  ratings  are  viewed  as  important  quantitative  techniques  for 
fire  risk  measurement  in  urban  areas.  In  fact,  a  number  of  potential 
applications  are  identified  for  this  local  assessment  process. 

All  of  the  study  validation  participants  agreed  in  principle  to  the 
following  proposition; 

"Ttie  block  rating  concept  for  quantifying  the  mass  fire  spread 
potential  in  urban  blocks  and  fire  spread  potential  between  urban 
blocks  provides  an  important  urban  administration  tool  for  oonminity 
risk  analysis." 

Several  application  concepts  are  directly  associated  with  this  proposition. 

1.  Tfie  assessment  guide  is  appropriate  for  determing  the  relative  fire 
spread  potential  within  selected  urban  structural  block  configurations. 
Supplemental  Statement;  Not  all  buildings  or  configurations  of  buildings 
present  the  same  level  of  risk  from  a  developing  fire.  Conditions 
relating  to  building  construction,  occupancy  factors,  heights  and  areas, 
land  density  patterns,  and  terrain  conditions  are  among  the  variables 
associated  with  risk  differentials.  The  risk  difference  for  a  single 


R  is  the  roof  construction  and  cover  value, 

D  is  the  construction  density  multiplier,  and 
N  is  the  relative  block  rating  value. 

Formula  computations  are  recorded  on  a  worksheet  according  to  building 
height  categories.  A  suwnation  process  using  the  worksheet  values  leads  to  a 
final  block  rating  figure.  Final  block  ratings  are  related  to  an  index  chart 
to  assess  the  relative  risk  of  mass  fire  development  in  a  single  urban  block. 
Tfte  tables,  charts,  and  formula  value  indicators  are  presented  in  a  companion 
docvxnent  titled  Local  Assessment  Guide  for  Conflagration  Analysis;  System  II. 

C.  Fire  Spread  Between  Blocks 

A  second  method  is  used  to  evaluate  the  probability  of  fire  spread 

between  blocks.  The  developed  analytic  approach  considered  a  group  of 

relevant  factors  for  the  exposing  block  and  a  group  of  relevant  factors  for 

the  exposed  block.  The  factor  sets  are  interrelated  through  a  probability 

mechanism  that  accounts  for  the  spread  potential  between  two  block  faces. 

These  concepts  are  translated  into  the  following  quantitative  expression; 

Spread  =  Exposing  Block  x  Street  Width  X  Exposed  Block 

Index  (RHV  X  WEV  X  WR)  (Probability  Value)  (RHV  X  WEV)  vhere; 

RHV  =  Relative  numerical  hazard  value  for  block 

WEV  *  Wedl  Exposing  Value 

WR  «  Exposing  wall  ratios 

SW  =  Street  width  probability  (Table  9) . 

The  formula  relationship  is  systematically  recorded  on  a  separate 

worksheet.  Again,  a  surrmary  process  is  used  to  compute  a  final  spread 

probability  value.  These  values  can  be  expressed  on  land  use  maps.  Further, 


SECTION  VI 


Local  Assessment  Guide 


A.  Introduction 

The  study  reported  in  this  paper  is  culminated  in  a  program  document 
titled  Local  Assessment  Guide  for  Conflagration  Analysis;  System  II.  itiat 
document  presents  in  detail  the  process  for  conducting  a  local  assessment  of 
mass  fire  potential  in  urban  blocks  and  for  determining  the  probability  of 
fire  spread  between  blocks  in  urban  areas.  All  calculation  materials 
including  forms,  charts,  and  tables  are  presented  with  the  stated  dociment. 
Study  examples  are  given  in  the  revised  local  assessment  guide  to  illustrate 
the  process  for  computing  individual  block  ratings  and  fire  ^read  ratings. 

■rtie  final  document  incorporates  technical  changes  recoitmended  through  the 
Wiase  II  validation  process.  Ttiese  dianges  include  granmatical,  explanatory, 
and  other  detailed  revisions  to  the  associated  tables,  charts,  and  figures. 
This  final  document  does  not  reflect  major  conceptual  changes  to  the  rating 
methodology  recoimended  by  the  validation  process. 

B.  Block  Rating  Methodology 

Individual  block  rating  are  determined  by  the  systematic  application  of 
the  following  formula: 

1(0  +  F  +  W)  (H  +  F)]  D  =  N  where; 

0  is  the  occupancy  fuel  load  value, 

F  is  the  floor  construction  value, 

W  is  the  exterior  wall  construction  value, 

H  is  the  height  multiplier. 


conflagration  potential.  No  one  questions  the  need  for  a  tool  to  inake  a 
quantitative  analysis  of  ness  fire  development  in  urban  blocks  and  the 
probability  of  fire  spread  between  blocks.  “Itie  specific  advantages  of  this 
eissessment  process  and  the  implementation  of  the  process  does  appear  to  differ 
among  the  cities  involved  with  the  validation  exercises. 

The  concerns  expressed  in  using  the  methodology  can  be  satisfactorily 
resolved  through  the  identified  future  development  of  a  local  assessment 
program  to  evaluate  the  potential  for  mass  fire  development  and  spread  in 
urban  areas.  Any  continuation  and  implementation  of  this  work  is  dependent  on 
a  defined  and  supported  future  course  of  action. 
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nvitiber  of  fire  service  prevention  personnel  feel  that  the  measurable 
impact  of  ^rinkler  protection  on  reducing  the  probability  of  large- 
scale  fires  could  be  the  most  valuable  use  of  this  tool. 

d.  Fire  suppression  people  would  like  to  see  the  addition  of  a 
methodology  to  evaluate  the  potential  impact  of  given  sets  of  fire 
service  resouces  on  halting  or  containing  mass  fires  to  the  single 
blocks.  In  other  words,  the  fire  service  envisions  the  use  of  the 
basic  methodology  to  evaluate  and  adjust  resource  requirements  to 
stop  the  spread  of  fires  between  blocks.  However,  the  current 
methodology  does  not  address  this  issue. 

e.  Ttiere  appears  to  be  considerable  interest  in  correlating  the 
block  rating  indices  to  needed  fire  flows  as  established  by  the 
Insurance  Services  Office. 

f.  An  identified  organization  within  the  framework  of  the  Federal 
Bnergency  Management  Agency  is  needed  to  promote  amd  monitor  the 
local  assessment  program,  participants  in  the  validation  process 
strongly  suggest  that  this  program  should  be  incorporated  into  the 
Executive  Series  at  the  National  Fire  Academy.  Hiis  would  appear  to 
give  the  program  the  widest  degree  of  exposure  to  the  persons  most 
likely  to  implement  the  program  ax3  to  provide  a  methodology  for 
incorporating  total  risk  nenagement  concept  into  the  integrated 
emergency  management  system. 

G.  Svirmary  of  the  Validation  Process 

The  validation  exercises  in  combination  strongly  support  the  overall 


assessment  process  for  local  examination  and  charting  of  mass  fire  and 


r 
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e.  Hiere  is  an  expressed  concern  that  the  insurance  industry  might 
use  conputed  block  ratings  to  increase  premium  charges  or  reduce 
earned  credits  under  the  Fire  Suppression  Rating  Schedule, 

3.  Required  Imtarovements 

a.  Several  concrete  examples  of  various  complexities  need  to  be 
included  with  the  local  assessment  guide, 

b.  Hie  local  methodology  for  assessing  fire  spread  between  ruban 
blocks  needs  to  be  simplified  if  the  computations  are  to  be 
completed  manually, 

c.  A  section  of  the  assessm^t  guide  should  specifically  discuss 
the  collection  and  charting  of  information  requried  to  apply  each 
local  assessment  guide, 

d.  ihere  should  be  a  glossary  of  terms  used  in  the  application 
guide, 

e.  All  ^Jecialized  terms  and  instructions  need  to  be  consistent 
throughout  the  vnritten  material, 

4,  Program  Development 

a.  The  analytical  prcxress  should  be  cxxnputerized  for  use  by  loc»l 
government  personnel.  This  would  eliminate  one  of  the  major 
perceived  obstacles  to  successful  implementation  of  the  local 
assessment  prcxiress  for  mass  fire  and  cx>nflagration  analysis, 

b.  The  analysis  process  cx>uld  be  easily  incorporated  into  the 
general  building  survery  program  already  in  plac:e  by  many  fire 
departments, 

c.  Ihere  appears  to  be  a  need  for  assessing  the  inqpact  of 
ai.tcxnatic  ^r inkier  protect icxi  in  the  mass  fire  ^read  model,  A 
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ranges  front  50,000  to  500,000  due  to  the  remaining  core  of  central 
business  districts  containing  large  groupings  of  frame  and  brick 
wood-joisted  (ordinary)  construction. 

e.  Computed  block  ratings  and  fire  spread  ratings  can  be 
effectively  used  to  educate  both  urban  administrations  and  local 
citizens  on  potential  large-scale  problems  within  a  city. 

f.  The  potential  for  large-scale  fire  events  may  signal  the  need 
to  intergrate  the  planning  function  for  these  events  with  other 
conminity  agencies.  In  essence,  this  provides  a  baseline 
calculation  for  initiating  an  integrated  emergency  management  system 
to  cope  with  potential  disasters  caused  by  mass  fire  development  and 
fire  spread  between  urban  blocks. 

2.  Concerns 

a.  Municipalities  need  instruction  and  guidance  in  the  proper 
selection  and  applicaton  of  the  two  local  assessment  guides. 

b.  Itie  calculation  process  for  individual  block  ratings  and  fire 
^read  ratings  between  blocks  are  time  consuming. 

c.  The  present  methodology  for  assessing  potential  fire  ^read 
between  urban  blocks  is  too  complex  for  practical  application. 

d.  All  three  cities  participating  in  the  validation  program 
expressed  a  concern  over  the  possible  missinterpretation  of  the 
block  rating  values  by  agencies  of  local  goverrment  dealing  with 
econanic  development;  it  may  be  difficult  to  promote  economic 
development  in  high-risk  areas. 
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of  participation  was  minimal  and  a  number  of  individuals  could  not 
effectively  or  consistently  apply  the  basic  mathamatical  operations 
required  to  work  through  the  problems  without  assistance. 

The  local  assessment  guide  does  not  ^secify  procedures  for  all 
possible  circvmstances.  Some  participants  had  problems  when  a  condition 
—  such  as  a  vacant  building  —  occurred  that  was  not  identified  in  one 
of  the  calculation  tables.  Others  simply  exhibited  difficulty  in 
transposing  the  concepts  and  information  from  the  sample  calculation  the 
assessment  guide  to  a  real  world  situation.  Several  individuals 
suggested  that  more  sample  blocks  be  included  in  the  guide  for  reference 
and  review. 

4.  *lhe  local  assessment  guide  under  consideration  probably  will  not  be 
accepted  by  the  fire  service  without  a  supporting  educational  program. 
Supplemental  Statement ;  Most  of  the  study  participants  favor  an 
educational  program  that  will  establish  the  scopes  and  objectives  of  the 
program  in  addition  to  working  through  seunple  problems  with  appropriate 
instruction.  This  concept  appears  to  be  more  acceptable  than  providing  a 
voluminous  docunent  of  far-reaching  detail. 

In  accordance  with  Part  A  of  this  section,  it  appears  appropriate  to 
develop  this  program  in  conjimction  with  courses  at  the  National  Fire 
Academy.  A  logical  place  for  course  implementation  would  be  in 
conjunction  with  risk  analysis  programs. 

5.  A  nuntier  of  fire  officers,  especially  in  fire  prevention  bureaus. 


vrould  like  to  see  an  adjustment  made  to  the  methodology  that  would 
account  for  buildings  protected  by  automatic  sprinkler  systans. 


Supplemental  Statement :  A  strong  concern  was  expressed  by  some 
participants  that  the  risk  nodel  does  not  consider  the  intervention  of 
automatic  sprinkler  protection  for  the  control  of  developing  fires  in 
urban  blocks.  As  noted,  the  current  concept  is  to  treat  buildings  as 
being  "unprotected",  in  light  of  the  strong  arphasis  to  transfer  some 
urban  fire  protection  responsibilities  from  the  public  sector  to  the 
private  sector,  it  is  strongly  suggested  that  the  assessment  method 
oonider  the  impact  of  internal  protection  as  a  function  of  al:ering  the 
block  rating  value.  Such  an  evaluation  could  be  important  in  inproving 
the  quality  of  life  and  the  reduction  of  risk  in  urban  areas. 

6.  A  number  of  fire  officers  suggested  that  impact  measures  be 
eveloped  for  assessing  the  value  of  the  responsible  fire  department  and 
other  local  government  agencies  in  halting  a  ^reading  fire  between 
structural  blocks. 

Supplemental  Statement;  Hie  concern  reflected  in  this  conclusion  follows 
in  concert  with  the  previous  item.  Hie  value  of  fire  protection  in 
reducing  the  fire  ^read  probability  measure  needs  to  be  accounted  for  in 
the  study.  Again,  this  additional  tool  would  give  urban  adninistrators 
still  another  mechanism  for  studying  alternative  arrangements  to  a 
defined  problem. 


C.  Suimary 

It  can  be  suimarized  that  the  general  scope,  methods,  and  objectives  of 
the  revised  local  assessment  guide  for  determining  mass  fire  spread  potential 
in  urban  blocks  and  the  probability  of  fire  ^read  between  blocks  is 
fundamentally  sound  and  needs  to  be  advanced  to  the  fire  service.  Hie 
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completed  work  of  this  study  still  needs  expansion  and  refinement  to 
accomplish  this  objective,  "rtie  final  study  section  addresses  concepts  for 
future  work. 


SECTION  VIII 


Future  Vtork 

The  successful  use  and  implementation  of  the  local  assessment  guide  into 
the  mainstream  of  urban  affairs  is  dependent  upon  the  support  emd  program 
promotion  of  the  total  program  by  a  division  of  the  Federal  Elnergency 
Management  Agency.  Participants  involved  in  the  study's  Phase  II  validation 
process  indicate  that  risk  assessment  programs  for  determining  mass  fire 
development  in  urban  blocks  and  the  probability  of  fire  spread  between  blocks 
can  best  be  accomplished  through  one  or  more  programs  at  the  National  Fire 
Academy.  Any  future  work  concerning  this  program  is  dependent  of  the 
assignment  of  responsibility  to  a  sponsoring  organization. 

It  appears  that  a  major  problem  with  the  original  Gage-Babcock 
conflagration  methodology  and  the  revised  methodology  for  develc^ing  block 
ratings  revolves  around  the  very  time-consuning  process  of  computing  block 
values.  The  continuation  of  a  manual  approach  to  the  analysis  process  will 
probably  result  in  a  low  degree  of  program  acceptance.  The  time  comitinents 
to  carry  forth  computations  simply  cannot  be  justified  at  the  local  government 
level.  One  or  more  computer  programs  or  calculator  programs  need  to  be 
developed  for  each  analysis  portion  of  the  study.  The  completed  software 
packages  could  be  provided  as  a  companion  resource  to  the  local  assessment 
guide. 

There  is  a  strong  interest  anong  the  study  validation  participants  to 
devlop  a  method  for  assessing  the  potential  impact  of  automatic  ^rinkler 
protection  on  reducing  block  rating  values.  An  automatic  sprinkler  assessment 
program  could  serve  as  an  important  adjinct  to  the  total  risk  assessment  of 


urban  blocks  under  fire  ^read  characteristics,  itie  preparation  of  such  a 
program  should  be  carefully  considered. 

There  is  a  companion  interest  among  the  study  participants  to  develop  a 
method  for  aissessing  the  potential  impact  of  fire  department  operations  on 
preventing  or  reducing  fire  spread  between  urban  blocks.  This  topic  should  be 
of  considerable  interest  to  the  fire  service  in  risk  assessment  evaluations. 

A  methodology  to  evaluate  fire  department  operations  in  confining  and 
controlling  structural  fires  to  the  block  of  origin  should  also  be  carefully 
considered. 

It  appears  that  the  methodology  for  computing  the  probability  of  fire 
i^read  between  urban  blocks  is  overly  complex.  It  should  be  recognized  that 
all  final  calculations  using  the  described  methodology  are  relative. 

Therefore,  it  appears  possible  to  reduce  the  impact  measures  to  a  basic 
consideration  of  the  differences  in  exposing  block  rating  values  plus  a 
probability  value  based  on  the  gap  width  between  block  faces.  Ttte  rating 
scale  will  probably  require  adjustment  based  on  the  model  simplification.  Hie 
revision  process  needs  to  be  undertaken  as  future  work. 

Tbe  above  concepts  for  future  work  on  this  project  should  significantly 
iiprove  the  utility  of  the  local  assessment  guide. 
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